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ABSTRACT 
( i ) 
ABSTRACT 
The work embodied in th is thesis deals with the 
synthesis, characterization and structural assignment of transition 
metal chelates with pyrimidines, Schiff base macrocycles, d i th io-
carbamates and triazine ligands. 
The ligand l ,3-pyrimidinyl(2,4,6-pyrimidinetr ione) (L.) has 
been synthesized by the interaction of sodium salt o f ' 2 ,4 ,6 -pyr imid i -
netrione with 2-chloropyrimidine. The 4-phenyl-5-ethoxycarbQnyl-
6-methyl-3,4-dihydridopyrimidine-2-one [LJti^) has been synthesized 
by the interaction of ethylacetoacetate, urea and benzaldehyde. I ts 
reaction with sodium hydr ide in 1:2 ratio yielded the sodium salt 
which was further reacted with iodoacetaihide, bromopyrimidine and 
N-bromosuccinimide to afford 1,3-diacetamido (4-phenyl-5-ethoxy-
carbonyl-6-methyl-3,4-dihydridopyrimidine-2-one) {L-), 1 ,3-dipyrimidi-
nyl (4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-dihydridopyrimidine-
2-one) (L.) and 1,3-disuccinimido {4-phenyl-5-ethoxycarbonyl-6-meth-
yl-3,4-dihydridopyrimidine-2-one) (L^.). The interaction of sodium 
salt of 2 ,4,6-pyrimidinetrione with N-bromosuccinimide gave 1,3-
disuccinimido (2,4,6-pyrimidinetrione). In order to investigate the 
coordinntion bohnvlour thoir coiiiploxoa with cliroiiiiuin(lll), mnnKnn(j(U)(ll) 
iron(III) , coba l t (n ) , nickel(II) , copper{II) and zinc(II) have been 
synthesized and characterized by elemental analysis , magnetic suscep-
t ibi l i ty measurements, electronic and i . r . spectra . The conductivity 
measurements suggested that the compounds of L^  are non electrolytes 
(i i) 
in DMSO. The compounds of the type [M( L2H2)2Cl2]. [M2'"3^^4-' ("=^'6^' 
[M(L^)2Cl2], [M(Lg)2Cl2] and [M(Lg)2Cl2] are non electrolytes in 
DMSO and CHgCN, while [M(L2H2)2Cl2]Cl, [M( L^)2Cl2]Cl, [M(Lg)2Cl2]Cl 
and [M(L„)2Cl2]Cl are 1:1 electrolytes . The L. acts as tetradentate 
N„0„ bridging ligand. The metals coordinate through the oxygen 
of the pyrimidine ring and pyrimidinyl nitrogen. The L- and L„ coor-
dinate to the metal ions through the oxygen of the succinimido 
group. The L,2H2 coordinates through the NH and oxygen of the 
pyrimidinyl ring while L. coordinates via the nitrogen and oxygen of 
amide group. The electronic spectra and magnetic moment values 
revealed that the complexes of trivalent metal ion with al l the 
ligand (L. , L^H^, Lo,L^iI-.g'and L „ ) and those of divalent metal 
Ions with L„H„, L, , L_ and L„ are octahedral . The chelates of 
z id 4 b b 
manganese{II), cobalt(II) , nickel(II) and zinc(II) with L^ and L„ are 
proposed to have a tetrahedral structure whilst those of 
copper(II) appear to be square planar. Thepvalue suggests considera-
ble degree of orbital overlap in the mtfal ligand bond. 
Some new 12 and 14 membered Schiff base macrocycles 
(L„, L„, L„, L.,,, L.^ and L^„) containing pendant groups and 
their transition metal complexes have been synthesized with 
a view to studying the nature of the complexes. The possibi l i ty 
of the binding of the pendant group has also been explored. For 
this purpose tho oxamidodiacetic acid, oxamidodiphenyl and oxairii-
dedipyridyl were synthesized and subsequently allowed to react 
with (a) ethylenediamine and (b) 1,3-diaminopropane in 1:1 molar 
( l i i j 
ratio to yield free macrocycles l ,4 ,7 ,10- te t raazacyclododeca-5 ,6 , l l , 
12-tetraaminoacetic acid-4, 6,10,12-tetraene (L^), 1,4,7,10-tetraaza-
cyclododeca-5,6,11,12-tetraaminopheny 1-4,6,10,12-tetraene (Lg) and 
1,4,7, lO-tetraazacyclododeca-5,6,11,12-tetraaminopy r idyl -4 ,6 ,10 ,12-
tetraene (L ) , respect ively. Similarly the macrocycles-A,5,8,12-
tetraazacyclotetradeca-6,7,13,14-tetraaminoacetic acid-5 ,7 ,12,14- te t ra-
ene (L „ ) , l ,5,8,l2-tetraazacyclotetracleca-6,7,13,14-tet^aaminophe-
nyl-5,7,12,14-tetraene (L. . ) and 1,5,8,12,-tetraazacyclotetradeca-
6,7,13,14-tetraaminopyridyl-5,7,12,14-tetraene i^^^^ have been iso-
lated by the reaction of 1,3-diaminopropane with oxamidediacetic 
acid, oxamidediphenyl and oxamidedipyridyl respect ively . Their 
chromium (III) , manganese! I I ) , irbn( I I I ) , .cobalt(II), nickel(II) ,copper(ll)^ 
zinc(II) complexes have also been synthesized. Molar conductance 
measurements of' their complexes with divalent metal ions are non 
electrolytes in DMSO while trivalent metal complexes appear to 
be 1:1 electrolytes which can be represented as [Fe(L )Cl„]Cl.The 
i . r . and n .m. r . spectra suggest that the pendant groups do not 
take part in coordination with the metal ions. An octahedral 
geometry has been proposed for all the metal complexes. The 
10 Dq value is higher for the complexes with 12-membered ring 
than those with 14-membered ring. 
The reaction of 4-aminoantipyrine with (a) ethylenedi-
amine and (b) 1,3'diaminopropane yields Schiff base which is 
further allowed to react with diethyloxylate resulting in the 
formation of N. macrocycles- l ,4 ,7 ,10- te t raaza-2 ,3-dioxo-5 ,6 , l l ,12-
(iv) 
b i s ( l ' - pheny l -2 ' ,3'-diinethylpyrazoleJdodeca-7,10-diene(L g) and 1,4, 
7 , l l - te t raaza-2 ,3-d ioxo-5 ,6 ,12 ,13-bis ( l ' -phonyl -2 ' ,3 ' -di inothylpyrn-
zole) t r ideca-7, l l -diene(L^.) respect ively. In the same way the 
macrocycles 1,4,8, l l - te t raaza-2 ,3 ,9 ,10-bis ( 1'-pheny 1-2', 3 ' -d imethyl-
pyrazol)heptadeca-1,4,8,11-tetraene(L^r) and 1,4,8, l l - t e t r a a z a - 2 , 3 , 9 , 
10-bis( 1'-pheny 1-2 ' ,3 ' -dimethylpyrazole)tetradeca-1,4,8,11-tetraene 
[l.„) have been' obtained from a Schiff base derived from the 16 
condensation of 4-aminoantipyrine with acetyleacetone and i t s subse-
quent reaction with (a) 1, ©-diaminohexane and (b) 1,3-diaminopro-
pane respect ively. In another set of experiment the reaction 
product of 4-aminoantipyrine with benzoylacetic acid was reacted 
with (a) 1,3-diaminopropane and (b) ethylenediamine which 
yielded 1,5,8,12-tetraaza-2,4-dipheny l-3-carboxylic-4-acetic acid-
6,7,13,14-bis(1 '-pheny 1-2', 3 ' -dimethylpyrazole) tetradeca-8,12-diene 
( L „ ) and 1,5,8, l l - te t raaza-2 ,4-dipheny l-3-carboxylic-4-acetic 
ac id-6 ,7 ,12 ,13-b is ( l ' -phenyl -2 ' ,3 ' -d imethy lpyrazo le ) t r ideca-8 , l l -d iene 
(L. o3. The l ,5 ,8 ,12- te t raazacyclo te t radeca-2 ,4 ,9 , l l - te t raphenyl -3 ,10-l o 
dicarboxyl ic-4 , l l -d iacet ic ac id- l ,8-diene (L^Q) and 1,5,9,13-tetraaza-
cyclohexadeca-2,4,10,12-tetraphenyl- ,3 , l l -d icarboxyl ic -4 ,12-d iace t ic 
acid-l,9-diene(L2Q) have been synthesized by the reaction of 
benzoylacetic acid with (a) ethylenediamine and (b) l,3,diam"inopro-
pane, respect ively. All these ligands are N. type which coordinate 
through the four nitrogen atoms. It is worth mentioning that the 
complexes of divalent metal ions are non conducting while those of 
trivalent metals appears to be 1:1 electrolytes in DMSO. However, 
copper(II) and nickel(II) complexes of L and L„^ are ionic 
(v: 
in aqueous media which may be due to the change from octahedral 
to square planar geometry. Since there i s no change in the spectral 
properties i t is beleived that the pendant groups are not acting 
as donor groups. The electronic spectra have been interpreted with 
the aid of an energy level diagram. The ligandfield strength of the 
macrocycle varies systematically with ring size. The 12 membered 
N macrocycles produce highest Dq value while i t i s lowest in the 
case of 17 membered ring indicating greater s tabi l i ty for smaller 
macrocycle as compared to larger one which i s also supported by 
relat ively larger Dq value. 
Some new dlthiocarbamate (L„ -L„„3 and the i r transition 
metal complexes have been synthesized and characterized by the 
i . r . , UV/vis spectra and room temperature magnetic moment with 
a view to ascertaining the i r symmetrical and unsymmetrical nature. 
The succinimidedithiocarbamate {L_ ), phthalimidedithiocarbamate iyn), 
4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-dihydridopyrimidine-2-one - d l -
thiocarbamate (L„„) and phenyl-bis-(2'-aminothiazol-5-yl)methane d l t h i -
ocarbamate (Loc) have been prepared by the interaction of parent 
amide or pyrimidine or thiazole der ivat ive, CS^ and NaOH in 1:1:1 
molar rat io . 4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-dihy dr idopyrimi-
dine-2-one- bis-dithiocarbamate (L , . ) and phenyl-bis-(2 ' -aminothia-
zol-5-yl-methane)-bis-dithiocarbamate (L„„) have been synthesized from 
pyrimidine or thiazole der ivat ive, CS„ and NaOH in 1:2:2 molar ra t io . 
The divalent metal complexes of all the dithiocarbamates (L -L-^Jand 
trivalent metal complexes of L^^, L^^, L^^, and L^. have been synthe-
sized. I . r . spectra suggest that pyrimidine oxygen of the L„„ and L^ 
^o 24 
(Vi ) 
and C = S of L„^ and L„„ do not take part in coordination with 
the metal ions. All the iron(IIIJ and chromium (III) complexes studied 
here show octahedral , geometry around metal ion. The spectral data 
are consistent with the square planar geometry for copper(II) and 
nickel(II) complexes while te trahedral geometry has been proposed 
for manganese(II ) complexes. The conductivity measurement in DMSO 
show the non-ionic behaviour of al l divalent metal complexes, while 
1:1 electrolytic behaviour of trivalent metal complexes suggest that 
at least one chlorine is present outside the coordination sphere . 
The new triazine ligands l-phenyl-2,3-dimethyl~5-amino-
[4,5-b]pyrazolotriazine (^07)1 5-amino-3-butyltriazine (L^n) and 5-amino-
2-iodomethylenetriazine (L„_) have been synthesized by condensation of 
an aminoantipyrine with semicarbazide, valeramide and iodoacetamide , 
respectively, when aminoantipyrine undergoes condensation reaction 
with (a) semicarbazide and (b) valeramide and (c) iodoacetamide 
in equlmolar ratio the new chelating triazine ligands have been 
formed by elimination of two water molecules. L_„, L^p and L„„ act as 
bidentate ligands coordinating through the -NH groups. The C=N of 
all the three ligands do not take part in coordination with the 
metals. An octahedral geometry has been suggested for al l the metal 
complexes. 
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ABSTRACT 
(1) 
ABSTRACT 
The work embodied in th is thesis deals with the 
synthesis, characterization and structural assignment of transition 
metal chelates with pyrimidines, Schlff base macrocyclos, d i th io-
carbamates and triazine ligands. 
The ligand l ,3-pyrimidinyl(2,4,6-pyrimidinetr ione) (L ) has 
been synthesized by the interaction of sodium salt of 2 ,4 ,6-pyr imidi -
netrione with 2-chioropyrimidine. The 4-phenyl-5-ethoxycarbonyl-
6-methyl-3,4-dihydridopyrimidine-2-one (L„H„) has been synthesized 
by the interaction of ethylacetoacetate, urea and benzaldehyde. Its 
reaction with sodium hydr ide in 1:2 rat io yielded the sodium salt 
which was further reacted with iodoacetamide, bromopyrimidine and 
N-bromosuccinimide to afford 1,3-diacetamido (4-phenyl-5-ethoxy-
carbonyl-6-methyl-3,4-dihydridopyrimidine-2-one) (L„}, 1 ,3-dipyrimidi-
nyl (4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-dihydridopyrimidine-
2-one) (L.) and 1,3-disuccinimido (4-phenyl-5-ethoxycarbonyl-6-nieth-
yl-3,4-dihydridopyrimidine-2-one) (L_). The interaction of sodium 
salt of 2 ,4,6-pyrimidinetrione with N-bromosuccinimide gave 1,3-
disucciniinido (2,4,G-pyriiuidinotriono). In ordor to invostlgolo Iho 
coordination behaviour their complexes with chromium(III),manganese(II) 
Iron(III), cobolt{II), nJckol(Il) , copporl l l ) f\iul 7,inr,(ll) t^^vo bf!^ >^ ^ 
synthesized and characterized by elemental analysis , magnetic suscep-
t ibi l i ty measurements, electronic and i . r . spectra . The conductivity 
measurements suggested that the compounds of L are non electrolytes 
( i i ) 
in DMSO. The compounds of the type [ M( L2H2)2Cl2J, [ M^L^Cl^] {n=4,6J, 
[M(L^)2Cl2], [M(Lg)2Cl2] and [M(Lg)2Cl2] are non electrolytes in 
DMSO and CH^CN, while [ M(L2H2)2Cl2] CI, [M(L^)^Cl,^lCl,[M(L^),^Cl.^]Cl 
and [M(L„)„Clo]Cl are 1:1 electrolytes . The L. acts as tetradentate 
0 Z <i J. 
N„0„ bridging ligand. The metals coordinate through the oxygen 
of the pyrimidine ring and pyrimidinyl nitrogen. The L- and L- coor-
dinate to the metal ions through the oxygen of the succinimido 
group. The L„H„ coordinates through the NH and oxygen of the 
pyrimidinyl ring while L coordinates via the nitrogen and oxygen of 
amide group. The electronic spectra and magnetic moment values 
revealed that the complexes of trivalent metal ion with all the 
ligand (L. , L^H^, L„,L^, L^and L „ ) and those of divalent metal 
Ions with L„H„, L., L^ and L„ are octahedral . The chelates of 
manganese!II), cobalt(II) , nickel(II) and zinc(II) with L. and L are 
proposed to have a tetrahedral structure whilst those of 
copper(II) appear to be squaiB planar. Thepvalue suggests considera-
ble degree of orbital overlap in the iiital ligand bond. 
Some new 12 and 14 membered Schiff base macrocycles 
(L , L„, Lg, L.„, L. . and L.^) containing pendant groups and 
their transition motal comploxes hove been synthesizod with 
a view to studying the nature of the complexes. The possibi l i ty 
of the binding of the pendant group has also been explored. For 
this purpose the oxamidediacetic acid, oxamidediphenyl and oxami-
dedipyridyl were synthesized and subsequently allowed to react 
with (a) ethylenediaiiiine and (b) 1,3-diaminopropanc in 1:1 molar 
( i i i ) 
ratio to yield free macrocycles l ,4 ,7 ,10- te t raazacyclododeca-5 ,6 , l l , 
12-tetraaminoacetic acid-4,6,10,12-tetraene (L^] , 1,4,7,10-tetraaza-
cyclododeca-5,6,11,12-tetraaminopheny 1-4,6,10,12-tetraene {Lg) and 
l ,4 ,7,10-tetraazacyclododeca-5,6, l l ,12-tetraaminopyridyl-4,6,10,12-
tetraene (L ), respect ively. Similarly the nincrncyclnR-.1 .n,H,12-
tetraazacyclotetradeca-6,7,13,14-tetraaminoacetic ac id-5 ,7 ,12,14- te t ra-
ene ( L ^ Q ) . l ,5,8,12-tetraazacyclotctradeca-6,7,13,14-tetraaminophe-
nyl-5,7,12,14-tetraene (L.^) and l ,5,8,12.- tetraazacyclotetradeca-
6,7,13,14-tetraaminopyridyl-5,7,12,14-tetraene (L^2^ have been iso-
lated by the reaction of 1,3-diaminopropane with oxamidediacetic 
acid, oxamidediphenyl and oxamidedipyridyl respect ively . Their 
chromium (III) , manganese! I I ) , i rbn(III) , .cobalt(II), nickel(II) ,copper( lI) , 
zinc(II) complexes have also been synthesized. Molar conductance 
measurements of their complexes with divalent metal ions are non 
electrolytes in DMSO while trivalent metal complexes appear to 
be 1:1 electrolytes which can be represented as [Fe(L )C1_]C1. The 
i . r . and n ,m, r . spectra suggest that the pendant groups do not 
take part in coordination with the metal ions. An octahedral 
geometry has been proposed for all the metal coinploxos. Tho 
10 Dq value is higher for the complexes with 12-membered ring 
than those with 14-membered ring. 
The reaction of 4-aminoantipyrine with (aj cliiylencdi-
amine and (b) 1,3-diaminopropane yields Schiff base which is 
further allowed to react with diethyloxylate resulting in the 
formation of N. macrocycles-1,4,7,10-tetraa7a-2,3-dioxo-5,6, l l ,12-
(iv 
b i s ( l ' - pheny l -2 ' ,3 '-dimethylpyrazole)dodeca-7,10-dlono( I , ^ ) niuJ 1 ,A, 
7 , l l - t e t raaza-2 ,3 -d ioxo-5 ,6 ,12 ,13-b i s ( l ' -phenyl -2 ' ,3 ' -d imethy lpyra -
zole) t r ideca-7, l l -diene(L. .) respect ively. In the saiiic way tlio 
macrocycles l , 4 , 8 , l l - t e t r a a z a - 2 , 3 , 9 , 1 0 - b i s ( l ' - p h e n y l - 2 ' ,3 ' -dimGthyl-
pyrazoljheptadeca-1,4,0, l l - te t raene( L. _) and 1,4 ,0 ,11- te t raaza-2,3 ,9 , 
10-bis{ 1' -pheny l -2 ' , 3 ' -dimethylpyrazole) tetradeca-1,4,8,11-tetraene 
(t. ) have been obtained from a Schiff base derived from the 
condensation of 4-aminoantipyrine with acetyleacetone and i ts subse-
quent reaction with (a) 1, 6^diaminohexane and (b) 1,3-diamlnopro-
pane respect ively. In another set of experiment the reaction 
product of 4-aminoantipyrine with benzoylacetic acid was reacted 
with (a) 1,3-diaminopropane and (b) ethylenediamine which 
yielded l ,5 ,8 ,12-tetraaza-2,4-diphenyl-3-carboxylic-4-acet ic acid-
6 ,7 ,13 ,14-b is ( l ' -phenyi -2 ' ,3 ' -dimethylpyrazole)tetradeca-a,12-diene 
{L.„) and 1,5,8, l l - te t raaza-2,4-diphenyl-3-carboxyl ic-4-acet ic 
ac id-6 ,7 ,12 ,13-b is ( l ' -phenyl -2 ' ,3 ' -d imethy lpyrazo le ) t r ideca-8 , l i -d iene 
(L. ) . The l ,5 ,8 ,12- te t raazacyclo te t radeca-2 ,4 ,9 , l l - te t raphenyl -3 ,10-
dicarboxyl ic-4 , l l -d iacet ic ac id- l ,8-diene (L ) and 1,5,9,13-tetraaza-
cyclohexadeca-2,4,10,12-tetraphenyl- , 3 , l l -d icarboxyl ic-4 ,12-diacet ic 
acid-l ,9-diene(L„„) have been synthesized by the reaction of 
benzoylacetic acid with (a) ethylenediamine and (b) l ,3 ,diaminopro-
pane, respect ively. All these ligands are N typo whicli coordinalu 
through the four nitrogen atoms. It is worth mentioning that the 
complexes of divalent metal ions are non conducting while tlioRo ot 
trivalent metals appears to be 1:1 electrolytes in DMSO. However, 
copper(II) and nickel(II) complexes of L and L^^ are ionic 
(v: 
in aqueous media which may be due to the change from octahedral 
to square planar geometry. Since there is no change in the spectral 
properties i t is beleived that the pendant groups are not acting 
as donor groups. The electronic spectra have been interpreted with 
the aid of an energy level diagram. The ligandfield strength of the 
macrocycle varies systematically wltli ring size. The 12 inoinbored 
N. macrocycles produce highest Dq value while i t i s lowest in the 
case of 17 membered ring indicating greater s tabi l i ty for smaller 
macrocycle as compared to larger one which is also supported by 
relat ively larger Dq value. 
Some new dithiocarbamate {L„.-L„„) and the i r transition 
z l /D 
metal complexes have been synthesized and characterized by the 
i . r . , UV/vis spectra and room temperature magnetic moment with 
a view to ascertaining the i r symmetrical and unsymmetrical nature. 
The succinimidedithiocarbamate (Lr,^). phthalimidedithiocarbamate (on). 
4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-dihydridopyrimidine-2-ono - d i -
thiocarbamate (Lpo) 3"d phenyl-bis-(2'-aminothiazol-5-yl)methane d i t h i -
ocarbamate (Los^ have been prepared by the interaction of parent 
amide or pyrimidine or thiazole der ivat ive, CS^ and NaOH in 1:1:1 
molar rat io . 4-phenyl-5-ethoxycarbonyl-6-metliyl-3,4-dil iydridopyrimi-
dine-2-one- bis-dithiocarbamate (L ) and phenyl-bis-(2 ' -aminothia-
zol-5-yl-methano)-bls-clithiocarbamate (Lnr^) have boon synthesized from 
pyrimidine or thiazole der ivat ive , CS and NaOH in 1:2:2 molar r a t io . 
The divalent metal complexes of all the dithiocarbamates (L„,-L„„)and 
zl /o 
trivalent metal complexes of L^^, L^^, L^g, and L^^ have been synthe-
sized. I . r . spectra suggest that pyrimidine oxygen of the L and L 
Zo 24 
(vi ) 
and C = S of L__ and L„„ do not take part in coordination with 25 26 
the metal ions. All the iron(III) and chromium (III) complexes studied 
here show octahedral geometry around metal ion. The spectral data 
are consistent with the square planar geometry for copper(l l ) and 
nickel (II) complexes while tetrahedral geometry has been proposed 
for manganese(II ) complexes. The conductivity measurement in DMSO 
show the non-ionic behaviour of all divalent metal complexes, while 
1:1 electrolytic behaviour of trivalent metal complexes suggest that 
at least one chlorine is present outside the coordination sphoro. 
The new triazine ligands l-phenyl-2,3-dimethyl-5-amino-
[4,5-b]pyrazolotriazine (L_„), 5-amino-3-butyltriazine (L.^) and 5-amino-
2-iodomethylenetriazine {L__) have been synthesized by condensation of 
an aminoantipyrine with semicarbazide, valeramide and iodoacetamide , 
respectively, when aminoantipyrine undergoes condensation reaction 
with (a) semicarbazide and (b) valeramide and (c) iodoacetamide 
in equimolar ratio the new chelating triazine ligands have been 
formed by elimination of two water molecules. L , L„„ and L„Q act as 
bidentate ligands coordinating through the -Nil groujis. Tho C=N of 
all the three ligands do not take par t in coordination with the 
metals. An octahedral geometry has boon KugRostnd ff)r nil thr* mntnl 
complexes. 
C H A P T E R - I 
1 
INTRODUCTION 
The coordination behaviour of pyrimidine derivat ives continues 
to be an interesting field of research. A large number of coordination 
compounds have been synthesized and studied thoroughly with a view 
to understanding the chelating abil i ty of several pyrimidine derivat ives 
1 
towards metal ions. Quinn and coworkers have reported the synthesis 
of some substituted pyrazolo pyrimidines. The 2-substituted pyrazolo 
[3,4-d] pyrimidines synthesized from 1-substituted 3-amino-pyrazoJ€-
4-carbonitri les/carboxylates involves the condensation of ethoxymethy-
lene derivatives with different types of hydrazines. The reaction of 
l-acetyl-2-phenylhydrazinQ with ethoxymethylenemalonitrilo yields [ (4-
cyano-l-phenylpyrazol-3-yi3aminomethylene]propanedinitrile (Fig. I ) . The 
hydrolysis of propanedinitrile derivat ive gave the 3-amino-l-phenyl-
4-carbonitrile and i t s annulation with methyl isocynate in the presence 
of sodium methoxide yielded 4-imino-5-methyl-2-phenyl-4,5-dihydro-
pyrazolo[3,4-d]pyrimidin-6(7H)-one. Its structure was confimied by 
X-ray crystallographic analysis . 
U{^'"'~\J} "^ '^2 =^<:"0«« NC 
I 
CH3 0 " ^ 
Fig. 1 
The heterocyclic derivat ives of guanidine has also been 
2 
reported by Banfield and coworkers . The reaction of ketone with 
2-( 2-imino-3,4-diphenyl-2-H-pyrrol-5-yl ) - l , 1,3-trlm ethylguanldinc has 
led to the formation of N-(2-dimethylamino-4-oxo-7,8-diphenyl-4,6-
dlhydropyrrololl ,2-a]pyrimidin-G-yl-diene)acotamide (Mg. II) ) the 
structure of which was confirmed by N.M.K. spectroscopy and X-
ray crystal lography. 
Me 
Fig. II 
Recently, a binuclear complex [Cu^lbipymj^CH 0) (OH) ][C10.]2. 
3 
2H2O has been isolated . From the X-ray crystal lographic methods i t 
has been demonstrated that , the structure contains discrete centrosy-
mmetric di-hydroxo-copper(I l) diiiiei'S with 2,2-bipyrJriiltlliio as outtjr 
ligand. It also consists of weakly coordinated water molecules and 
uncoordinated perchlorate anions. A similar copper (II) complex 
with a binucleating ligand and l ,3-b is [ bis(2-pyridylmethyl)aminobenzeno 
derived from the reaction of 2-(chloromethyl) pyridine with 1,3-
phenylenediamine (Fig. Ill) has been synthesized by Schindlcr et al . 
3 
H2N 
+ ANaOH 
(PyCH2)2N 
I -V ANaCl + AH2O 
N(CH2Py)2 
Fig. Ill 
The chemistry of mepirizole molecule has been oxtcnslvoiy 
5 
studied by many workers. The synthesis of copper(II) complex of 
4-methoxy-2-(5-methoxy-3-methyl-pyrozolo-l)-6-methylpyrimidinc has 
been recently reported and i t has been characterized on the basis 
of i . r . and electronic spectra. 
The naturally occurring purines and pyrimidlnes occupy an 
7 important place in the chemistry of living systems . Some pyrimidines 
have been reported to be biologically active and are used as ' 
8 9 
antimicrobial, antibacterial , antimalarial drugs and as antithrombotic 
10 
and ontllnflninmntory ngontfi • 2,-l-nioiniiu)-r)-(3,-J-tlii;hhn'opluinvl )-(')-
methylpyrimidine, commonly known as metoprine and i t s analogoue 
have been shown to act as antimalarial agent along with 
11 pyrimethamine (Fig. IV). Substituted imidazo[l ,2-b]pyridazine has 
been used in the displacement ol 3H-dia7,cpniii from ral brnhi i)]nRnia 
12 
membrane 
H2N " N HoN N C2H5 
Fig. IV 
Some pyrimidinyl ureas and thioureas act as effective herbicides 
15 
whilst flourlnated pyrimidines are employed in cancer cliemotliorapy 
Currently, clinical t r ia ls are going on to explore the use of these 
compounds as a drug in the treatment of AIDS . Fyridinyl 
pyrimidines are used as amplifiers of phleomycin in a bacterial 
17 
system . Some pyrimidinyl der ivat ives have also been used as 
1 R 
fungicides . They are translocated to all par ts of the plant to 
prevent disease of cereal crops. Another pyrimidine v iz . 
pyrimethamine is used for malarial prophylaxis which is found to 
be more active against Plasmodium falciparum and Plasmodium vivax 
whilst platinum complex of 2,4,6-pyrimidine trione (Fig. V) is used 
19 
as an antitumour drug 
Fig. V 
The synthesis and application of the macrocycles involving 
N,P,0 and S atoms in the ring is a subject of current rcscarcli 
interest "^. McAuley et a l . have investigated ' llial nickoi(llJ 
cyclam on interaction with hydrogen peroxide in acidic perchlorate 
medium results in the formation of stable dimeric complex. The 
structure of macrobicyclic complex was confirmed by EPK 
spectroscopy, reaction kinetics and crystallographic s tudies . The 
entire complex consists of series of 'S ' forms (Fig. Vl). 
"V_/ . ' W " 
-" — —\ y-\ 
Fig. VI 
27 Recently Chaves and coworkers have synthesized a now 
N-diacetato derivatives of l-oxa-4,8,12-tr iazacyclotetradecane-4,12-
diacetic acid (Fig. VII) from an amine by complete carboxymethylation 
and anion exchange chromatography which has been characterized by 
1 
HNMR and X-ray analysis . The stabil i ty constants of some transition 
metal complexes with this ligand (Fig. VII) were determined by 
potentiometric titration which indicated that the ligand forms stable 
complexes with copper(Il) and n icke l ( l l ) . The geometry of the 
copper(IX) is proposed to be a distorted octahedral . The equatorial 
plane is occupied by three nitrogen and one oxygen. 
CN '^  \ 
N 0 - ^ 
H O o C — / \ / 
Fig. VII 
6 
The synthesis ot 12-membered macrocycle 1,4,7,10-tetrnzacyclndocJecano-
2,6-dione (Fig. Vlll) was first reported by Tabushi et a l . . The 
potentiometric studies of i t s complexes with copper(II) and nickel( l l ) 
29 
were made by Kodama and Kimura (Fig. IX) which has been shown 
to loriii Bcjuuro plnnur coiiiploxos. Tlio rin^ HIZC) OI Iht) iiiacrocych) 
effects the electrode potential and the two imido anions present in 
the macrocycle decrease the cavity of 12-membered N. ligand, thus 
nickel{II) ion seems to fit in.the 13 membered cavity. 
0 
Fig. VIII Fig. IX 
Nickol(II) compJnxofi of H-iiioriihnrod trnns-N^CU ni^l tfnns-N S. 
3U quadridendate macrocycles have also been synthesized . I ' r iphenyl-
phosphine reacts with 2-{2-azidoethoxy) benzaldehyde in an 
aza-Witting reaction to give 98% of 14-membered trans N_0„ diimine 
macrocycle (F'ig. XA). The reduction of (A) with lithium aluminium 
hydr ide gives the trans diamine macrocycle (Fig. XB). 
7 
(A) ( B ) 
Fig. X 
The crystal and molecular structure of nlckel{II) ion in i t s complex 
with A and B confirmed that the metal ion is in an octahedral 
coordination environment. The four donor atoms of the trans-N 0„ 
macrocycle are arranged in a square plane and the chloride occupies 
the axial s ide . However, i t s crystal structure also suggests a slight 
tetrahedral distortion of the plane composed by the trans-N„0„ donor 
groups. The reaction of 1,2-diaminoethane monohydroperchlorate with 
mesityl oxide and pent-3-ene-2-one in methanol gives a number ol 
31 
macrocyclic ligands but the main product is 5,7,7,12,14-
pentamethyl - l ,4 ,8 , l l - te t razacyclo te t radeca-4 , l l -d iene (Fig. XI A ) . 
^ N HN ' ^ 
^^ Me 
Fig. XI-A 
8 
The reaction of 1,2-diaminoethaneclihydroperchlorate with mesityloxide 
and pent-3-ene-2-one gives the following product (Fig. XI-B). 
NH N r 
ii 
11 
^ N HN ) 
M, M e 
Fig. XI-B 
The complexes of organotin IV with macrocyclic ligands 
32 have been obtained from nickel(IIJ macrocycles . The reaction of 
acetylacetone with ethylenediamine or 0-phenylenediamine in 1:1 rat io 
in the presence of NiCl^.eH^O gives r i se to Ni(L jCl^ or lii{L„)Cl^ 
where L. = l ,4 ,5 , l l - te t raazate t radeca-5 ,7 ,12 ,14- te t raene , (C^^H^.N ) 
L» = l ,4 ,8 , l l - te t radeca-2,3,9,10-dibenzocyclotetradeca-5,7,12,14-tetraene 
(C„„H_.N.). Since the free macrocycle could not be synthesized it 
was extracted by dissolving in methanol and treating with KCN. Tlio 
free macrocycle was then treated with Ph SnX- (X=C10~,BF~,N0~) 
in methanol to yield organotin IV chelate. In the HNMR spectra of 
the complexes Ph2Sn(L.)X-, three types of CH„ protons were 
observed as a broad signal centered at § 3.30 (12H), and S 7.10 
respect ively. The presence of three types of CH protons in the spectra 
9 
of both complexes suggest that the macrocycle coordinates through 
three of i t s nitrogens to the tin atom, while the fourth one remains 
free (Fig. XII). Coordination of this type is expected to give five 
types of CH„ protons in structure which appears to have merged 
together into one broad signal and two types of CH„ protons. 
X2 
Me 
Me 
X 2 
Fig. XII 
A number of efficient methods are now avai lable for the 
33-35 
synthesis of various macrocycles . Sometimes the reaction is carried 
out by metal template assistance. A variety of azamacrocyclic 
complexes have been obtained by condensation of an amine with an 
aldehyde or ketone in the presence of a metal ion . The majority 
of such reactions have imine formation at the ring closing s t ep . The 
fourteen and to a lesser extent, sixteen membered macrocycles 
predominate and nickel(II) and copper(II] are the most widely used 
active metal ions. 
Complexes of metal ions with synthetic macrocyclic ligands 
are of great importance because of their resemblance with many 
natural systems e .g . , porphyrins and cobalamines ~ . These ligands 
are also of theoretical interest since they are capable of furnishing 
an environment of controlled geometry and ligand strength. 
10 
The coordination propert ies of macrocycle bearing pendant 
42-46 groups have attracted great deal of attention . More recently, c ry s -
tal and molecular structure of [3-{4-pyridiniumcarbonyl) l ,3,5,8,12-
47 pentaazacyclotetradecane] nickel(II) was described in which pyridine 
acts as a pendant group. Metallocyclam subunit has been appended 
to pyridine through metal template procedure which involves the 
condensation of amides of 3 and 4-pyridine carboxylic acid with 
formaldehyde and nickel(II) complex with the open chain tetramine. 
These metallocyclam units act as building blocks of supra molecular 
system. They act as two electron redox systems. 
Very recently 36 membered macrocycle with four ethylene-
48 diamine entities has been reported . It has been proved that the 
tetramethylene subunits in cyclam nickel(II) complexes result in 
a significant change of the accessibil i ty of the axial ligand towards 
coordinated nickel(II) ion leading to a four coordinate square planar 
and five coordinate square pyramidal geometry. 
The synthesis of transition metal complexes with macrocycles 
containing a variety of functional groups on the per iphery has been 
49 
reported . These groups have been termed the superstructure. Such 
compounds are of particular importance in view of thei r use in the 
50 treatment of malignant tumours . Recently, increasing interest has 
been evidenced in the design of new macrocycles with predetermined 
51 guest complexation . 
11 
Dithiocarbamates are versat i le chelating ligands and form 
stable complexes which display interesting and often quite novel 
propert ies . They are normally prepared as alkali metal sa l ts by 
the action of primary or secondary amines on carbondisulfide in 
presence of sodium hydroxide. The CS- group in dithiocarbamate 
as well as in xanthates and thioxanthates is chelated in the manner 
shown below : 
M ^ C X 
It has been observed that N,N-disubst i tuted dithiocarbamate can 
act both as monodentate and bidentate uninegative chelating agent. 
N M-- S - - C -
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The synthesis of phenyltindithiocarbamate was first reported 
52 by Kupchick and Calabretta. They synthesized a ser ies of 24 new 
dithiocarbamates bonded to ei ther carbon, tin or lead. Each of the 
compounds of tin, lead and antimony were prepared by allowing a 
sodiumdithiocarbamate or t r i ty lchlor ide . 
12 
Reaction of 1,10-phenanthroline with bis(N,N-diethyldi thio-
53 
carbamate) nickel(II) has been reported by Emmenegger . The addition 
of a bidentate amine to nickel(II) dithiocarbamate involves the 
moving of the dithiocarbamate from i t s position in the plane to an 
edge of the octahedron. The rate of formation of NiCdtcJ^phen.has been 
determined by stopped flow method and i t s s tabi l i ty was measured 
in three solvent. The enthalpy of formation of other dithiocarbamates 
54-56 has also been recorded by many workers . The dithiocarbamates 
57 
of Ru III are used as reaction pathways in photochemical processes 
58 59 
They are also used in solar energy conversions . Baggio et al 
have synthesized the anionic halide and isothiocynate adducts of 
zinc(II) and cadmium(II) dithiocarbamates. The crystal structure 
of lNEt^]]Zn(S2CNM02)2 (NCS)] suggests that tho goomotry of tho ligond 
around the metal Is a distorted trigonal bipyramid in which the 
metal atom is coordinated to four sulphur atoms of the di thiocarba-
mate ligands and to the nitrogen atom of the thiocyanate ligand. 
The kinetics of N-methyl group exchange in zirconocene N-N-dimethyl-
dithiocarbamates has been studied by Femec et al . In Cp^ZrXC Meultc) 
the rate of exchange is increased as the ?^ -donating abilityof X 
var ies , whereas in Cp^ZrX( Me„mtc) no increase in rate exchange is 
observed. Alkyl substituent effects in cobalt(III) and nickel( l l ) 
complexes have also been determined . 
13 
The molecular structures of bis(dimethylclithiocarbamato) 
copper(II) and bis(diinethyldithiocarbainatoJzinc(II) have been studied 
by gas electron diffraction method . Both these compounds have 
been proposed to be monomeric in gas phase while the geometry 
of two are different from each other. The N,N-dialkyldithiocarbamato 
complexes of group IV metals have been synthesized and characte-
rized by Calderazzo and coworkers . 
64 Oudenniel and coworkers have synthesized a 4-amino-
3,5-bis(aminomethyl)-l ,2,4-tr iazole from the glycine and hydrazine 
monohydrate which act as a tetradentate dinucleating ligand. The 
molecular and crystal structure of i t s coppGr(ll) complex was 
confirmed by single crystal X-ray diffraction method. The coordina-
tion compounds consists of dinuclear cations of the general formula 
[Cu(aamt)A(H20)]2^, where A = Br", ClO^", NOg" and BF^". 
The zinc (II) complex of 3-(0-carboxy phenyl ) - l -pheny l t r i -
65 
azine-1-oxide has been synthesized and characterized by Saha et al . 
The triazine-1-oxide behaves as a dibasic tetradentate ligand 
(O", N~, 0„) in all the mixed ligand complexes. From X-ray 
diffraction studies it has been shown that the ZnLtmorp)^ are ortho-
rhombic Some new biologically active pyrazolone and semicarbazide 
derivat ives have also been synthesized by many workers 
P R E S E N T W O R K 
14 
In the present work the pyrimidine derivat ives 1,3-pyrimi-
dinyl (2,4,6-pyrimidinetrione){L. ) and 1,3-disccunimido (2 ,4 ,6 -py r i -
midinetrione){L„ ) have been synthesized by the interaction of sodium 
salt of 2,4,6-pyriinidinetrione with 2-chloropyrlmidine and N-bromo-
succinimide, respect ively. In order to investigate thei r coordination 
behaviour the complexes of divalent as well as tr ivalent metal ions 
have been prepared. L. acts as tetradentate chelating ligand, coordina-
ting through the pyrimidinyl nitrogen and oxygen of the pyrimidine 
ring while Lp, coordinates through the oxygen of the succinimido 
69 Sveltlik et al have synthesized, 4-phenol-5-methoxycarbonyl-6-
methyl-3,4-dihydridopyrimldine-2-ono (Fig. Xlll) from ihn ronctlon of 
salicylaldehyde, methylacetoacetate and urea. 
H3CO2C, 
Fig. XIII 
In order to avoid the formation of oxygen bridged species sa l icy la l -
dehyde has been replaced by benzaldehyde and 4-phenyl-5-Gthoxy-
carbonyl-6-methyl-3,4-dihydridopyrimidine-2-one (L„H„) has been syn-
thesized. Its reaction with sodiumhydride in 1:2 rat io yields the 
Ifl 
sodium salt of pyrimidine with the evolution of hydrogen gas. This 
precursor was further reacted with iodoacetamide, bromopyrimidine 
and N-bromosuccinimide to yield 1,3-diacetamido (4-diacetamido (4-
phenyl-5-ethoxycarbonyl-6-niethyl-3,4-dihydridopyrimidine-2-one (L„), 1, 
3-dipyriniidinyl {4-phenyl-5-ethoxycarbonyl-3,4-dihydridopyriniidine-2-
one (L.) and 1,3-disuccinimido (4-phenyl-5-ethoxycarbonyl-6-methyl-3 , 
4-dihydridopyriinidine-2-one) (L^.). The complexatlon of L^H , L„,L^,Lg 
and L„ with divalent and tr ivalent metal ions have been investigated. 
0 
The ligand L- acts as tetradentate chelating agent, coordinating through 
the NH„ and C=0 groups, while L. acts as N^ bidentate chelating agent. 
The pyrimidine oxygen cannot coordinate with the metal ion due to 
s ter ic hindrance. Similarly L^ . bonds to metal ion through the oxygen 
of the succinimido group and not the pyrimidine oxygen. 
Under this project six new macrocycles containing pendant 
arms have been synthesized. For th i s , the oxamidediacetic acid, 
oxamidediphenyl and oxamidedipyridyl have been prepared (as they 
rontajn two C=0 groups which can bo removed by the reartion of 
amine). Oxamidediacetic acid was allowed to react with (a) othyleno-
diamine or (b) propanediamine resulting in the formation of free 
macrocycles, l ,4,7, ,10-tetraazacyclododeca-5,6,l l ,12-tetraaminoacetic 
acid 4,6,10,12- tetraenefL„\and 1,5,8,12-tetraazacyclotetradeca-6,7,13,14-
tetraaminoacetic acid-5,7,12,14-tetraene {L^„), respect ively . Similarly 
oxamidediphenyl on reaction with (a) ethylenediamine or (b) 1 ,3 -d i -
aminopropane yields l ,4 ,7 ,10-te t raazacyclododeca-5,6, l l ,12- te t raamino-
Ifj 
phenyl-4,6,10,12-tetraene (Lg) and 1,5,8,12-tetraazacyclotetracleca-6,7, 
13,14-tetraminophenyl-5,7,12,14-tetraene (L^^), respect ively . The macro-
cycles l ,4 ,7 ,10-tetraazacyclododeca-5,6, l l ,12-tetraaminopyridyl-4,6, 10, 
12-tetraene (L^) and 1, 5,8,12-tetraazacyclotetradeca-C,7,13,14-letranilno-
pyridyl-5,7,12,14-tetraene (L.^J have been .synthesized by the 
interaction of oxamidedipyridyl with (a) ethylenediamine and (b) 
1,3-diaminopropane. As the yield of the complexes synthesized by 
this method was very low they were also synthesized by template 
reaction. 
Some new macrocycles (L^g-L.g) have been prepared by 
treating 4-aminoantipyrine with (a) ethylenediamine and (b) propanedi-
amine and the products were further reacted with diethyloxylate 
to yield the free macrocycles l ,4 ,7 ,10- te t raaza-2 ,3 -d ioxo-5 ,6 , l l ,12-
bis{l ' -phenyl-2 ' ,3 ' -dimethylpyrazole)dodeca-7,10-diene (L „ ) and 1,4,7, 
l l - te t raaza-2 , 3-dioxo-5,6,12,13-bis{ 1 ' -phenyl -2 ' , 3 '-dimethylpyrazole) 
t r ideca-7 , l l -d iene (L ^A), respect ively. In the same way the free 
macrocycles l , 4 , 8 , l l - t e t r a a z a - 2 , 3 , 9 ,10-b is{ l ' -phenyl -2 ' ,3 ' -d imethy l -
pyra7,olo)hoptadocn-l,4,0,n-totroono (1.^^) ""^ 'J l , 4 . a . n - t o t r a a 7 a - 2 , 3 . y , 
10-bis( 1' -pheny l -2 ' , 3 ' -dimethylpyrazole) te t radeca- l ,4,8,11-tetraene { L. ^^  J 
have been isolated by treating 4-aminoantipyrine, acetylacetone with 
(aj 1,6-dlaminohexane or (b) 1,3-diaminopropane. Martin et al have 
synthesized a macrocycle from ketone and 1,4-diaminobutane. By 
employing the same method l ,5 ,8 ,12- te t raaza-2 ,4-diphenyl-3-carboxy-
lic-4-acetic ac id -b i s (1 ' -phenyl-2 ' ,3 ' -d imethylpyrazole) te t radeca-8 ,12-
diene (L .„ ) and 1,5,8, l l - te t raaza-2 ,4-diphenyl-3-carboxyl ic-acet ic 
ac id -b i s ( l ' - pheny l -2 ' ,3 ' -d imethylpyrazole) t r ideca-8 , l l -d iene (L^n) have 
17 
been synthesized from 4-aininoantipyrine, benzoylacetic acid and (a) 
1,3-diaminopropane or (b) ethylenediamine. bimilarly 1,5,8,12-letraa-
za te t radeca-2 ,4 ,9 , l l - te t raphenyl-3 ,10-dicarboxyl ic-4 , l l -d iacet ic acid-
1,8-diene i^-,q) and l ,5,9,13-tetraazacyclohexadeca-2,4,10,12-tetraphe-
nyl-3 , l l -dicarboxyl ic-4,12-diacet ic ac id- l ,9-diene (L_„) have been 
isolated from the reaction of (a) ethylenediamine or (b) 1,3-diamino-
propane with benzoylacetic acid in 1:2 ra t io . In order to investigate 
the coordination behaviour of these ligands, thei r transition metal 
complexes have been synthesized. Spectroscopic studies suggested 
that carboxyiic and acetic acid pendant groups do not take part in 
coordination. For all divalent and trivalent metal complexes an 
octahedral geometry has been suggested. In the casp of trivnlrnt 
metals the two chlorines appear to bo covulcntly boiidod whilo iho 
third one is present outside the coordination sphere . 
There are two well known methods ior the synthesis of metal 
dithiocarbamates, (a) displacement method and (b) insertion method. 
In the present work first route is employed for the synthesis of 
dithiocarbamates. They were synthesized with a view to studying 
the symmetrical and unsymmetrical behaviour of dithiocarbamate 
ligand. The succinimldedithiocarbamate (L„. ) and phthalimidedithiocar-
bamate (Loo) act as bidentate ligand coordinating through the two 
sulphur atoms. Their complexes with divalent and trivalent metal 
ions have been synthesized by reacting the dithiocarbamate and metal 
salts in 1:2 (divalent) and 1:3 (tr ivalent) molar rat ios respect ively. 
As the j^yr imidine^ -4-^henyl-G-ethoxy cartKnTyT^^met"hyr^3, 4^diliydrido-
pyrimidine-2-one has two replaceable hydrogen atoms, two kinds 
of i ts dithiocarbamate (Lo-^  ^ ^"^ ^'"24^ have been synthesized. 
18 
Phenyl-bis[ 2'-aminothiazol-5-yl] methane has been synthesized by 
71 the l i terature method . It was reacted with C^ and NaOH m 1:1:1 
molar ratio yielding phenyl-bis[2'-aminothiazol-yl]methanedithiocarba-
mate (L„ ) and phenyl-bis[2 '-aminothiazol-5-yl]bisdithiocarbamate (L^^) 
Their transition metal complexes have been synthesized in order 
to studying the nature. An octahedral geometry has been proposed 
for al l trivalent metal complexes while te t rahedral and square planar 
geometry has been proposed for divalent metal complexes with al l 
the ligands. 
The new triazine ligands l-phenyl-2,3-dimethyl-5-amino-
[4,5-b]pyrazolotriazine [L ) , 5-amino-3-butyltriazine (L^„) a n d 5 - a m i -
no-2-iodomethylenetriazine (L„„) have been synthesized by condensa-
tion of an aminoantipyrine with semicarbazide, valeramide and 
iodoacetamide, respect ively. Their transition metal complexes have 
also been synthesized and characterized by elemental analysis , 
magnetic susceptibil i ty measurements, electronic and i . r . spectra. 
C H A P T E R II 
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SYNTHESIS AND CHARACTERIZATION OF NEW PYRIMIDINE DERIVATIVES 
AND THEIR TRANSITION METAL COMPLEXES 
EXPERIMENTAL 
Materials 
Barbituric acid, urea (SISCO), iodoacetamide (Koch Light), 
2-chloropyrimidine, 2-bromopyriinidine, N-bromosuccinimide (AldrichJ, 
sodium hydride (80% suspension in oi l ) , benzaldehyde, metal chlorides 
and ethylacetoacetate (BDH) were used as received. 
Synthesis of 1,3-pyriiiiidinyl (2,4,6-pyrlmidiiietrione (L^) 
Sodium salt of 2,4,6-pyrimidinetrione was prepared by 
i t s reaction (20 mmol, 2.56 g) with sodium hydr ide (40 mmol, 0.96 
g) in THF (50 mL) under reflux. There was brisk evolution of 
hydrogen gas. The ensuing gas was collected over water and 
measured (5U0 mL). Helliixing was continuori tor 24 h \mtll tho 
solution became clear and the hydrogen gas ceased to evolve. After 
cooling the solution to room temperature a pink solid was obtained. A 
mixture of this sodium salt of 2,4,6-pyrimidinetrione (10 mmol, 1.72 
g) and 2-chloropyrimidine (20 mmol, 2.29 g) in ethanol (50 mL) 
was refluxed with stirring for 12 h and cooled to room temperature 
followed by the addition of an excess of water. It was Iclt 
overnight when an orange yellow powder (Scheme I) separated which 
was washed with water and ethanol and dried in vacuo. Yield 52%. 
20 
Synthesis of 4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-dihydriclopyrimi-
dine-2-one (L^H^) 
71 It was synthesized by l i terature method . Ethyl acetoace-
tate, urea and benzaldehyde mixture in equimolar ratio in ethanol 
was refluxed for 4h. The solution was cooled to 0°C and acidified 
with HCl to cause precipitation. The yellow precipi tate thus formed 
was washed with methanol and dried in vacuo. Yield 40%. 
Synthesis of 1,3-diacetamido( 4-phenyl-5-ethoxycar bony 1-6-methy 1-3,4-
dihydridopyriinidine-2-one (L_) 
The ligand LoH, (20 mmol, 4.95 g) was dissolved in ethanol 
(50 mL) and sodium hydride (40 mmol, 0.96 g) was added to i t under 
reflux which caused a brisk evolution of hydrogen gas. The refluxing 
was continued for 10 h until the hydrogen gas ceased to evolve. On 
cooling the solution to room temperature a solid was obtained. It 
wan washed thrice with ethanol and dried in vacuo. A mixture ol 
th is sodium salt of L^H (10 mmol, 3.03 g) and iodoacetamide (20 
mmol, 3.68 g) dissolved in hot THF (50 mL) was refluxed with 
continuous stirring for 20 h . It was cooled and an excess of water 
was added to i t . It was kept in a refrigerator for about 10 days 
when a solid was obtained which was f i l tered, washed and dried 
in vacuo. Yield 50%. 
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Synthesis of l,3-dipyriinidinyl(4-phenyl-5-ethoxycarbonyl-6-methyl-
3,4-dihydridopyrimidine-2-one (L . ) 
Sodium salt of L^H- (10 mmol, 3.03 g) and 2-bromopyrimidine 
(20 mmol, 3.17 g) dissolved in THF (100 mL) were mixed in a 200 mL 
round bottom flask and the mixture was refluxed with s t i rr ing for 
30 h . The resulting solution was cooled and an excess of water was 
added to i t . It was then kept in a refrigerator for about 10 days 
when an orange solid was obtained. It was removed by filtration, 
washed with THF and dried in vacuo. Yield 35%. 
Synthesis of 1,3-disuccinimidc(4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-
dihydridopyriniidine-2-one) (L_) 
A 1:2 mixture of sodium salt of L„H„ (10 mmol, 3.03 g) and 
N-bromo succinimide (20 mmol, 3.35 g) in THF (100 mL) was refluxed 
for 15 h . After cooling the contents to 0°C an excess of water was 
added and the material was kept in a refrigerator lor 5 days, when 
a solid was obtained which was removed by filtration, washed and 
dried in vacuo. Yield 45%. 
Synthesis of 1,3-disuGcinimido (2,4,6-pyrimidinetrione (L^) 
A mixture of sodium salt of 2,4,6-pyrimidinetrione (10 mmol, 
1.72 g) and N-bromosuccinimide (20 mmol,3.55 g) was taken in ethanol 
(100 mL) and refluxed with s t i rr ing for 15 h . After cooling th is 
mixture an excess of water was added and the mixture was left 
overnight, which afforded an orange yellow powder. It was washed 
with water and ethanol and dried in vacuo. Yield 39%. 
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Synthesis of complexes of L. 
A solution of metal chloride (4 mmol) in ethanol (10 mL) 
was added to the hot ethanolic (20 mL) solution of the ligand (4 
mmol) and the mixture was refluxed for 2 h on a water bath which 
yielded a precipi tate . It was washed with ethanol and dried in 
vacuo. 
Synthesis of complexes of L„ 
A mixture of LA (4 mmol) and metal chloride (2 mmol) In 
hot ethanol (10 mL) was refluxed for 2 h . A coloured precipi ta te 
was obtained immediately after cooling. It was washed and dried 
in vacuo. 
Synthesis of complexes of L^ 
To the solution of L„ (2 mmol) in ethanol (10 mL) metal 
chloride (4 mmol) was added in the same solvent. The mixture was 
refluxed for 1 h and cooled to ambient temperature which yield 
coloured precipi ta te . 
Synthesis of complexes of L. 
L (2 mmol) was dissolved in ethanol (10 mL)in which a solution 
of metal chloride (1 iiiiiiol) in Gtlioiiol was added and Iho mlxluro 
was worked up by the above method. 
23 
Synthesis of complexes of L^ and L„ 
Lp or L„ (2 mmol) and metal chloride (1 mmol) were taken in 
0 0 
ethanol and the whole mixture was treated according to the above 
method. 
24 
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Result and Discussion 
The analytical data of the ligands and their complexes are 
l isted in Table 1. Elemental analyses correspond to the composition 
t ( ' ^2^2H^4^ ' ^ ' ^ ( ^ " 2 ^ 2 ^ ^ ' t ( ' ^ ^ 2 S ^ 4 ^ ' ^ ' ^ ( ^ 4 ^ 2 ^ ^ ' [^(L^J^Cl^J. 
and [M(Lg)2Cl2] M = Mn""^ . Co""^, Ni""^, Gu""^ . Zn"" .^ [ (M)2(L^)2Clg], 
[M(L2H2)2Cl3]. [ { M j ^ l ^ a g ] , [M(L^)2a3] , [ M( LgJ^ClgJand 
[ M ( U ) „ a „ ] (M = Fe"*"^  and Cr*^). 
The molar conductances oi the complexes of L^  in DMSO {9.G0-
-1 2 -1 72 
36.40 ohm cm mol ) reveal thei r non-electrolytic nature . The 
m o l a r c o n d u c t a n c e s of [M(L H ) CI ] , [ (M) L„C1 ] (n= 4 , 6 J , 
A A ^ ^ A o n 
[ M ( L J ^ C 1 „ ] , [M(L^)„Cl„]and [M(L„)„C1„] measu red i n DMSO 
(12.00-43.00 ohm"''' cm^ mol"''') and acetonitri le (48.89-78.00 ohm"-^ cm^ 
mol ] indicated that they are non-electrolytes. For complexes of 
these ligands with metals in oxidation state +3, viz [M(L H„) Cl„], 
[ M ( L J _ a ^ ] , [M(L^)„CU] and [M(L^)„a„] the value of molar conductace 4 Z o 5 2 3 0 Z o 
in DMSO (67.23-105.00 ohm"-^ cm^ mol'''') and acetonitri le (130.00-152.00 
-1 2 -1 
ohm cm mol ) suggest the i r 1:1 electrolyt ic nature. 
Infrared spectra 
Two peaks of medium intensity at 1717 and 1771 cm assigned 
to i)(C=0) have been observed for the sodium salt of 2 ,4 ,6-pyr imi-
73 dinetrione which are nearly similar to those of parent molecule . The 
free L^ exhibi ts two dist inct absorptions corresponding to T) ( C = 0 ) 
27 
-1 
(Table 2) and a very weak absorption at 1670 cm which undergoes a 
74 
substantial negative shift upon chelation QS a consociuonco nl ihn 
reduction in C=0 double bond character . Using, the cri terion of 
75 Sutcliffe and Young a distinction can be made between monometallic 
and bimetallic complexes. In the case of monometallic der ivat ives 
of bipyriraidines two prominent bands are observed at 1570 and 1550 
-1 
cm due to ring stretching mode of bipyrimidine while in bimetnllic 
(or bis-bidentate) mode of coordination of the bipyrimidine the low 
energy band nearly vanishes. In the present case, only a higher 
frequency band in 1552-1575 cm range has been observed. The ring 
stretching vibration at 1400 cm in the free pyrimidine shifts to 
-1 
about 45 cm towards higher region which i s character is t ic of the 
3 -1 
chelated bipyrimidines . A band observed in L at 1480 cm is shifted 
to lower region in the complexes. 
Three distinct bands have been observed in the i . r . spectra 
of L2H2 at 3420 cm"-^, 3120 cm""^  and 1720 cm""'" assignable to ^^(NH)^^ 
(first two bands) and i>(C=U) ( third band) respect ively. The spectrum 
-1 -1 
of L„ exhibited two absorption peaks (3280 cm and 3110 cm ) which 
must be considered as asymmetric and symmetric mode of NH of the 
it 
77 78 —1 —1 
amide groups ' . The two bands observed at 1670 cm" and 1630 cm" 
79-82 have been attr ibuted to i)(C=0) of the amido carbonyl group . A 
band at 1710 in L due to "i? C=0 of pyrimidine is not well resolved 
in L . A comparison of the i . r . spectra of the free ligand L„H and i t s 
complexes showed a negative shift in the -i)N-H and -1)0=0 suggesting 
their involvement in coordination with the metal ion. However, the 
complexes of L showed a shift in NH^ andVC=0 to a lower frequency 
region which may be due to a decrease in electron density upon coor-
dination. Since the i)C=0 in the complexes of L. did not alfter from 
i t s position, i t i s believed that i t did not coordinate with the metal 
ions. 
The ligands L and L exhibited three carbonyl stretching 
0 fa 
-1 
frequencies in 1612-1600 cm region (Table 2) . A substantial shift 
in iPC=0 of the succinimide group has been observed while no 
noticeable change occurs in pyrimidinyl C=U. The character is t ic ring 
-1 
stretching vibration of bipyrimidine observed at 1390 cm in the ligand 
has been observed to appear towards higher wavenumber region in 
all the complexes. The persistent appearance of a band in 1000-1050 
-1 
cm region ascribed to N-N stretching frequency indicates that these 
two nitrogen atoms are not involved in coordination with the metal 
ion. 
It is known that for a compound containing both bridging 
and terminal chlorines, two types of M-Cl modes appear while lor 
a chlorine bridged complex, only one •^(M-CIJ is observed. Janas 
on 
and coworkers have shown, recently from crystal lbgraphic studies 
of [ Fe2(M-Cl)g(thf)„] that al l chlorines are bridging. In th is molecule, 
-1 
expectedly, only one Fe-Cl band at 240 cm is observed. Since the 
iron(III) complex of L and L^ contain both the bridging and terminal 
chlorine (Fig. XV, XVIII} two i)(FeCl) bands have been observed. 
84 3-Wilkinson and coworkers have shown that [Cr„Cl-] consists of two 
z 6 
9( 9 
distorted octahedra containing bridging as well as terminal chlorines. 
85 On the basis of far i . r . spectrum, Clark has investigated a similar 
adduct of chromium (III) with pyridine in which both the bridging 
and terminal chlorines are present in the complex. The chromium(III) 
-1 - 1 
complex of L exhibited two "DCr-Cl bands at 370 cm and at 310 cm . 
_ i 
that of L showed two bands at 370 and 290 cm . In chromium (III) and 
o 
iron(III) complexes of L„, L , L and L only one band is observed 
/ 4 o b 
Rfi R7 
which suggests the prosonco of only torminnl chlorino ' 
The M-N stretching vibrations are of part icular interest 
because they give direct information about the coordinate bond. The 
•PM-N increase when t bonding orbi tals are completely or incompletely 
^g 
filled while the ^ M-N is lowered substantially if eg (non bonding) 
88 
orbitals are nearly filled . In the case of t^ orbi tals occupancy, 
_ i 
as in iron(III) and chromium(III), the5?(M-N) appears in 310-395 cm 
region, while for the occupancy of electron in e^, as in cobalt(II) , 
S 
_ i 
nickel(II) , copper( l l ) and zinc(II) i t appears in 225-355 cm (Table 2 ) . 
-1 
Distinct bands in 410-513 cm range have been assigned to M-0 
stretching frequencies ' 
Electronic spectra and magnetic moment 
For chromium(III) ion three spin allowed transitions have 
been observed in all the ligands assigned to T^  (P) < A„ (F) , 
•tg 'ig 
T^g(F) < ^^2g^^^ ^"^ ^'^2g^^^ ^ ^ ^ 2 B ^ ^ ^ transitions ^ respec-
t ively . The masgnetic moment of i t s complex with L. is s l ightly 
30 
lower (3.20 BM) than calculated (3.88 BM) for three unpaired 
electrons while for other chromium (III) complexes i t i s well within 
the range. However, these studies are indicative of on octahedral 
geometry for chromium (111) ion. 
The geometry of manganese(II) ion can not be proposed on 
the basis of only electronic spectra because both te t rahedral and 
octahedral manganese(II) have the same bands. In the present complex 
of L the magnetic moment is slightly lower (5.77 BM) than that 
92 
calculated for five unpaired electrons . However, for L„ a value of 
5.90 BM seems, appropriate . The pale yellow colour and electronic 
transitions also support a te t rahedral geometry around the metal ion 
for L^ and L„ complexes. In L_, L., L- and L„ manganese(II) complexes 
the grey and brown colour suggest an octahedral geometry around 
manganese (II) . 
Besides a charge transfer band, the electronic spectra of 
iron(III) complexes of all the ligands showed two to three bands. 
For high spin iron(III) complexes the calculated magnetic moment 
i s 5.9 B.M. as the ground state has no orbital contribution, whereas 
low spin i ron(l l l ) complexes have a magnetic moment value of 2.3 
BM, slightly larger than calculated for one unpaired electron. The 
observed magnetic moment values in th is work and the electronic 
spectra suggest an octahedral geometry for iron(III) complexes of 
all the ligands '^' . 
31 
For both an octahedral and a te t rahedral cobalt(IIJ complex 
three spin allowed transitions are generally obtained but in the cobalt 
(II) complex of L. only two transitions have been observed. 'Iho 
former is due to charge trnasfer while the la t ter i s assigned to 
4 4 94 
T.(P) « ^2^^^ transition . The identical spectral bands and blue 
colour of L„ complex suggest a te t rahedral geometry for cobalt(11) 
ion in high spin state. The pink colour, observed magnetic moment 
values and electronic spectral bands of cobalt (11) complexes with 
L , L . ,LgandL„ are indicative of an octahedral high spin configuration. 
A regular tetrahedral Heomotry for nickol(II) complex may 
be proposed if the magnetic moment value ranges between 3.5 to 4.0 
BM. A slight deviation in the regular te t rahedral geometry reduces 
the magnetic moment value markedly. The experimental magnetic 
moment value of 3.0 BM in L. complex i s indicative of considerable 
95 distortion in te t rahedral geometry for nickel(II) ion . The magnetic 
moment value in the case of nickel( l l ) complex of L„ corresponds to a 
tetrahedral geometry (Fig. XVII). The green colour and the electronic 
spectra of nickel( l l ) complexes with L. and L„ (Table 3) are also 
consistent with a distorted te trahedral s t ructure. The three bands 
in the nickel(II) complexes of L , L., L^ and L_ (Table 3) and the 
magnetic moment values are consistent with an octahedral environment 
for the metal (Fig. XVI, XIX, XX, XXI). 
An unambiguous assignment of the geometry of copper(II) 
is difficult because the electronic spectra of both the te t rahedral 
32 
and square planar complexes contain nearly the same bands. It is 
known, that for a square planar copper(ll) compound the mngnolic 
moment value ta i ls In 1.8U-1.83 BM range while tor a te t rahedral 
or pseudotetrahedral copper{II) complex the magnetic moment value 
96 i s slightly larger extaiding over a range of 1.89-1.92 BM . Though, 
the higher magnetic moment value (1.90 BM) in the copper(II) complex 
of L., corresponds to a te trahedral geometry, the electronic spectrum 
97-99 
is suggestive of a square planar geometry ' which seems more appro-
pr ia te . The electronic spectral band and the magnetic moment of 
copper(II) complex with L^ are ident ical to t h o s e of L and h e n c e 
(L„Cu„Cl.) is also proposed to have a square planar geometry. On 
the basis of these studies the complexes of L„, L., L and L with 
copper(II) are proposed to have an octahedral geometry 
The nephelauxetic parameter indicates a considerable degree 
101 
of metal ligand overlap . The s tabi l i ty of L complexes follows the 
order Fe^ y Cr"^  "7 Mri^  ^ ^^* which indicates that with ligand L. 
Iron(l l l ) forms most stable complex. 10 D(] value of the comploxos 
of L„H„, L„, L. , L and L^ ligands with various metals follows the 
order Cr""^  > Fe^^ > Co""^  > Ni""^  > Mn*^ 
It suggests that chromium (III) forms the most s table complex. 
33 
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C H A P T E R - III 
5S 
CHELATING BEHAVIOUR OF NEW 12 AND 14 MEMBERED SCHIl-E BASE 
MACROCYCLES CONTAINING PENDANT GROUPS 
EXPERIMENTAL 
^4ate^ials 
Glycine, aniline, 2-aniinopyridine, diethyloxalate, metal 
chloride (BDH), ethylenediamine and propanediamine (Koch Light) 
were used as received. 
Synthesis of oxamidediacetic acid 
The oxamide diacetic acid was synthesized by the procedure 
on 
reported ear l ier . To the glycine (20 mmol, 1.55 g) dissolved in 
25 mL of water as added NaOH (20 mmcl,. U.80 g) in minimum amount 
of water. Diethyloxate (10 mmol, 1.35 mL) was then added to this 
solution and the resulting mixture was heated at 60°C for 4 h with 
continuous s t i r r ing. It was cooled to 0°C and an excess of HCl was 
added which gave a white precipi tate . It was washed and crystall ized 
from Q inlxturo of olhnnol tiiid n buffor ul' pll 4. Viold {.\0%. 
Synthesis of oxamidediphenyl 
Sodium hydroxide (20 mmol, U.80 g) dissolved in minimum 
of water was .added to aniline (20 mmol, 1.86 mL) in 25 mL ethanol. 
To the above mixture diethyloxate (10 mmol, 1.35 mL) was slowly 
added and the contents were heated to CU°C for 4 h wltli continuous 
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Stirring. The mixture was cooled to 0°C and HCl was added in excess 
which yielded a white solid product. It was washed and crystal l l /od 
from a mixture of ethanol and a buffer of pH 4. Yield 64%. 
Synthesis of oxamidedipyridyl 
Sodium hydroxide (20 mmol, 0.80 g) dissolved in minimum 
water was added to 2-aminopyridine (20 mmol, 1.88 g) in 25 mL 
ethanol. To the above mixture diethyloxate (10 mmol, 1.35 mL) was 
added and the contents were heated to 60°C for 4 h with continuous 
s t i r r ing. The mixture was cooled to 0°C and an excess of HCl was 
added to cause immediate precipitation of a white product. It was 
washed and crystall ized from a mixture of ethanol and a buffer of 
pH 4. Yield 62%. 
Synthesis of l,4,7,10-tetraazacyclododeca-5,6,ll,12-tetraaminoacetic acid-
4,6,10,12-tetraene (L ) 
Ethylenediamine (20 mmol, 1.32 mL) was added dropwise 
to oxamidediacetic acid (20 mmol, 4.08 g) dissolved in minimum 
quunllly (lOU iiiL) o! ollianul bulTurod at i)li 4 nl fiiiibiunt toinpornluro 
and refluxed for about 20 h . After cooling this mixture to -5"C an 
excess of HCl was added, and on standing th is mixture at th is 
temperature for two days a white product was obtained (Scheme I I I ) . 
It was washed with ethanol and recrystal l ized from ethanol buffered 
at pH 4. Yield 30%. 
S3 
Synthesis of 1,4,7,10-tetraazacy clododeca-5,6,11,12-tetraamiiiophenyl-
4,6,10,12-tetraene( L„) 
o 
To the solution of oxamidediphenyl (20 mmol, 4.80 g) 
dissolved in minimum quantity of a mixture of ethanol and a buffer 
pH 4, ethylenediamlne (20 mmol, 1.32 mL) was added dropwise with 
continuous s t i r r ing. The compound was precipitated (Scheme IV) by 
the procedure given above. Yield 34%. 
Synthesis of l,4,7,10-tetraazacyclododeca-5,6,ll,12-tetraaininopyridyl-4, 
6,10.12-tetraene(Lg) 
Ethylenediamlne (20 mmol, 1.32 mL) was added dropwise 
to the solution of oxamidedipyridyl (20 mmol, 4.84 g) dissolved in 
minimum quantity of a mixture of buffer of pH 4 and ethanol. The 
product was isolated (Scheme V) by the procedure described above. 
Yield 32%. 
Synthesis of 1,5,8,12-tetraazacy clotetradeca-6,7,13,14-tetraaniinoacetic-
acid-5,7,12,14-tetrasne( L^Q) 
To the oxamidediacetic (20 mmol, 4.08 g) dissolved in a 
mixture of ethanol (100 mL) and a buffer of pH 4, 1,3-diaminopropane 
(20 mmol, 1.70 mL) was added dropwise with continuous s t i r r ing. 
The compound "a s isolated by the procedure given above (Scheme 
VI). Ylold 24%. 
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Synthesis of 1,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraaminophcnyl-
5,7,12.14-tetraene( L ^ ) 
] , 3-diaminopropane (20 mmol, 1.70 mL) was dropwise added 
lo the solution of oxamldediphenyl (20 mmol, 4.80 g) dissolved in 
a mixture of ethanol (lUO mL) and a buffer of pH 4. The product 
(pchorno VTT) wns procipitatnrl hy tho proncriuro doficrJhorJ above 
Yield 26%. 
Synthesis of 1,5,8,12-tetraazacyclotetradeca-6,7,13,14-tetraaminopyrldyl-
5,7,12,14-tetraene(L.2) 
1,3-diaminopropane (20 mmol, 1.70 mL) was added dropwise 
to the solution of oxamidedipyridyl (20 mmol, 4.84 g) dissolved in 
a mixture of ethanol (100 mL) and a buffer of pH 4. The above 
procedure was employed to isolate the product (scheme VIII). Yield 
22%. 
Synthesis of (1,4,7,10-tetraazacy clododeca-5,6,11,12-tetraaininoacetic-
acid-4,6,10,12-tetraene) MCI 
n 
n = 2 when M = Mn , Co , Ni , Cu , and Zn 
n = 3 when M = Cr"*"^  and Fe"^ ^ 
A mixture of metal chloride in ethanol (20 mL) and the 
ligand (L ) in 1:1 molar rat io, dissolved in a mixture of ethanol 
and a buffer of pW 4 (20 mL) \«as heated on a vjater bath for 6 h 
which afforded a coloured precipi ta te . It was digested for half an 
60 
hour, f i l tered, washed with ethanol and dried in vacuo. Yield 32%. 
The complexes of other ligands (viz . Lo or L,„) were also 
synthesized by the same procedure. 
As the yield of the complexes synthesized by metathetical 
ronction is very low template proccdnro of synthesis was employed 
in al l cases. 
Template synthesis of macrocyclic complexes 
Synthesis of (1,4,7,10-tetraazacyclododeca-5,6,11,12-tetraaminoacetic 
acid-4,6,10,12-tetraene) MCl2_3 
To the solution of oxamidediacetic acid (2 mmol, 0.40 g) 
dissolved in minimum quantity of a mixture of ethanol (20 mL) and 
a buffer of pH 4, ethylenediamine (2 mmol, 0.13 mL) was added 
drop wise with continuous s t i r r ing. After refluxing th is mixture on 
a water bath for 6 h the metal chloride (1 mmol) dissolved in 
ethanof (10 mL) was added. The contents were further refluxed for 
1 h until a coloured solid precipi ta ted. It was fi l tered, washed with 
hot ethanol and dried in vacuo. Yield 46%. 
Synthesis of (1,4,7,10-tetraazacy clododeca-5,6,11,12-tetraamlnopheny 1-
4,6,10,12-tetraene) MCl2_3 
To the solution of oxamidediphenyl (2 mmol, 4.80 g) 
dissolved in minimum quantity of a mixture of ethanol and a buffer 
1 
of pH 4 (20 mL), ethylenediamine (2 mmol, 0.13 mL) was added 
dropwise with continuous s t i r r ing. The mixture was precipi ta teu Dy the 
method given above. Yield 51%. 
The above procedure was employed for the synthesis of 
other macrocyclic complexes. 
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RESULTS AND DISCUSSION 
All the Schiff base macrocycles and their transition metal 
complexes were synthesized according to the Scheme (III-VIII). They 
are stable to a i r and heat . Their colours, melting points, molar 
conductances and analyses are listed in Table 4. Molar conductances 
of one lailiiomolar solution of the divalent metal complexes measured 
in DMSO at room temperature (10.24-43.22 ohm"''' cm^ mole'"'') 
indicated that they are non electrolyt ' ^ and can be formulated as 
+2 +2 IM(L^)C12J, whore L^ = L , Lg, Lg, L^^, L^^ and L^^, M = Mn ,Co , 
Ni , Cu and Zn . For complexes of trivalent metal ions, the 
- 1 2 - 1 
molar conductance falls in the range (90.20-136.83 ohm cm mole } 
suggesting that they are 1:1 electrolytes and may be represented as 
[M(L )C1„]C1 where M = Fe"*"^  and Cr"^^. 
^ X 2 
Infrared spectra 
The relevant infrared spectral bands and their assignments 
are listed in Table 5. The two "^(0=0) bands appearing at 1710 and 
1640 cm in oxamidediacetic acid are lost and i)(C=N) appears as 
a consequence of i t s reaction with ethylenediamine (or 
propanediamine) forming a macrocyclic Schiff base. From a study 
102 
of hexadentate macrocyclic Schiff base i t has been shown that 
_l C = N strotchlng froquoncy appears at 1670 cm while In tetradentate 
103 dioxime Schiff base ligands the ^'C=N bands are situated at 1627 
_ i 
and 1679 cm . In the present work "9 C=N have been found to appear 
_ i 
at 1695 cm (Table 5) which undergoes a negative shift after 
119 
chelation. TheVs(COOH) and •Vas(COOH) bands at 1410 cm""'' and 1615 
-1 
cm in the free ligand remain almost unaltered in the complexes 
indicating the non involvement of pendant group in coordination. 
The i . r . spectra of L and L. . exhibit NH stretching freque-
ncy at 3230 cm"'^. The >) C=N as a strong band Is observed in 1620-
_ i 
1665 cm region in all the complexes indicating a bathochromic shift 
re lat ive to the free ligand. Since there is no change in CH or NH 
stretches of pendant groups it is believed to be not involved in 
coordination. 
The C=N stretching frequency is very significant In the 
case of macrocyclic Schiff bases. It has been observed in 1600-1670 
cm" region in various tetraazamacrocyclic Schiff base complexes ~ . 
In the present complexes of L and L.„ the •^C=N has been noted 
_ i 
in 1640-1665 cm range. All the macrocyclic complexes exhibit one 
_ i 
band in 1615-1625 cm region which may be assigned to ring 
stretching vibration of pyr idine. The presence of an aromatic type 
of structure in the complexes is best recognized by the presence 
of C-H stretching vibration in 2940-2980 cm" region. 
In the far i . r . spectra of all the complexes some new 
bands have been observed which may be assigned to M-L and M-Cl 
s t r e t ches . The chromium(III) derivat ives show vibrat ional modes in the 
range 490-510 cm" which are assigned to (Cr-N) s t re tches . All metal 
107 -1 
ions exhibi t strong intensity M-N stretches" in 420-495 cm range. 
T5 M-Cl can be distinguished from "pM-N as it appears in the lower 
70 
region. However, tlie >> M-Cl have been iound to absorb in 310-
-1 370 cm range. It is apparent from the spectra that the nitrogens 
and chlorines in the case of divalent metal chelates are bonded to 
the metal ion. 
109 On tho basis of spoctrnl studios I")a67,k:iowicz hns shown 
i.he bonding of the pendant donor groups of 1,4,8,11-tetraazacyclo-
t e t r adeca - l , 4 ,8 , l l - t e t r aene with nickel(II) ion. Since the complexes 
of divalent metal ions are non electrolyte in nature it i s believed 
that the two chlorines are covalently bonded to the central metal 
atom. However, the trivalent metal complexes in the present work 
are 1:1 electrolyte in DMSO which indicate the presence of one 
ionizable chlorine. Since the metal ions have already achieved the 
maximum coordination number and there is no remarkable change in 
the spectral bands the bonding of the pendant group is ruled out 
in the present case. 
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•"^H NMR 
1 The H NMR spectral data are given in Table 6. The 
L , Lo and Lg show a t r ip le t for CH^ protons at S (2.75), S(2.80) 
and S (2.90)^ respect ively, which shift downfield in the 
32 
complexes . The pendant group containing CH„CO„H (L„) exhibits 
27 110 
a singlet as a whole which Is not influenced after metallatlon ' 
32 The phenyl protons signal in LQ exhibi ts multiplets inS(6 .5-6 .8) , 
while L„ shows four singlets due to pyridine vibrat ions. These 
pendant groups, both in free and chelated macrocycle did not 
show any change in the position of their protons signal, it is 
discerned that they are not involved in coordination. 
72 
Electronic spectra and magnetic moment 
In all the complexes of chromium (III) three bands assigned 
\ g ( P ) < % g ( F ) . % g ( F ) < % g ( F ) and \ g ( F ) < % g ( F ) 
transitions, respectively have been observed. From the simple orbital 
splitting diagram it is known that the chromium (III) complexes must 
have three unpaired electrons i rrespect ive of the field strength of 
the ligand. The magnetic moment values for chromium (III) complexes 
in the present case (3.80-3.90 B.M.) are well within the range for 
three unpaired electrons. These studies correspond to an octahedral 
111 geometry around the metal ion 
The majority of manganese( II) complexes in high spin state 
112 have /^ _. 5.9 B.M. . In the present case the observed value 
(5.89-6.03 B.M.) i s very close to the calculated one. Three 
electronic spectral bands in [Mn(L )Cl2, [Mn(LJCl2) and [Mn(L.2)Cl2] 
assigned to ^^Eg(G) < ^A^^, ^T2g(G) < ^A^^ and 
4 4 
T- (G) f A^  transitions, respectively have been observed. 
However in Mn(L^p^)Cl„ four bands are observed (Table 6) , assigned 
to \ g ( P ) ^ % g , % g ( D ) . . — \ ^ , \ i O ) % g and 
4 6 
T^ (G) < A , transitions, respectively which are character-
is t ics of octahedral manganese(II) ion. 
In [Fe(L^)Cl2]Cl. [Fe(Lg)Cl2]Cl and [Fe(L^]^)Cl2]Cl three 
4 6 
bands have been observed which are assigned to E (G)< A^  , 
4^, , p . . 6. ^„ , 4„ ,^. . 6A transitions, respect ively. 
T2 (G) < A^ and T^gC^J ^ ^8 
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In [ Fe( . ,J Cl2^^1 *™° bands are observed besides one charge transfer 
band, while in [Fe(Lg)a2]Cl and [ Fe( L^2)'^l2-'^'^ °"® ^^^^ energy 
charge transfer band and three low energy bands are observed (Tab le? ) . 
The magnetic moment and the colour of the complexes suggest an 
113 octahedral geometry around the metal ion 
Three bands are anticipated for al l macrocyclic complexes 
of cobal t ( I I ) . The very low magnetic moment value for L„ complexes 
(2.4 n.M.) It; nttrihiitud to thoriiuil (lopupulation of oxcitod quartot 
114 
spin state which are near the ground state . Complexes of cobalt(II) 
with L„ and LQ have large magnetic moment value than L„ complex , 
while L. „, L . . , L^„ complexes have s t i l l higher magnetic moment 
values which indicate that the ligand field is smaller in the case 
115 
of larger macrocycles . However, the pink colour and electronic 
spectral bands are indicative of an octahedral geometry around cobalt 
(II) ion. 
The [Ni(L)Cl2] exhibi ts three main d-d bands at 27560 
-1 -1 -1 
cm , 17200 cm and 10700 cm , which can be attributed to the 
transitions \ i P ) ^ \ ^ , ^T.^ ^ ^ ^ and ' T ^ ^ ^  ^ ^ 
respect ively. In nickel(II) complexes with L.. and L. „ the bands are 
observed in different wave number regions. The broad bands suggest 
that the actual symmetry is not expected and a distortion from 
octahedral geometry must occur . On this basis , therefore, a d is tor-
ted octahedral structure for nickel(II) ion is proposed. 
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Complexes of copper{II) with L„, L- and L._ show one 
2 2 
broad band with a shoulder assigned to the E < B. and 
8 Ig 
2 2 
A- < B. transitions, respectively which are characterist ic 117 
of a tetragonally distorted octahedral geometry while those 
of copper(II) with L„, L.^ and L exhibit only one band in addition 
to a charge transfer band. The magnetic moment values in all the 
cases ranges between 1.90-2.00 B.M. supporting the above geometry 
for copper(Il) ion. 
The 10 Dq value is strongly dependent on the ring size 
which is a measure of the efficiency of a macrocycle as a chelating 
118-119 
agent . The M-N distance and the chelate effect are also 
responsible for the variation of this void. As the donor atom 
remains constant (N,) only the ring size will be the major 
distinguishing factor. In the present case the 10 Dq value is higher 
for the complexes with 12 membered ring than those with 14 
membered ring. 
The 10 Dq value for the complexes follows the order 
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SYNTHESIS AND CHARACTERIZATION OF SCHIFF BASE MACROCYCLIC 
COMPLEXES 
EXPERIMENTAL 
Materials 
Aminoantipyrine, ethylenediamine, 1,3-diaminopropane, 1,G-
diaminohexane (Koch Light), ethylacetoacetate (S.D. Fine Chemicals), 
benzoylchloride, diethyloxate and metal chlorides (BDH) were used 
as received. 
Synthesis of l ,4 ,7 ,10-tetraaza-2,3-t l ioxo-5,6 , l l ,12-bis( l ' -phenyl-2' 
3' -dimethy Ipy razole) dodeca-7,10-dlene (L^ „) 
Ethylenediamine (10 mmol, 0.66 mL) was added dropwise 
to 4-aminoantipyrine (20 mmol, 4.06 g) dissolved in hot ethanol 
(100 mL) and the mixture was refluxed for about 20 h . 11 was 
cooled to 0°C and acidified with HCl, taking caro that teiiipcraluro 
did not exceed 0°C, which yielded a light brown prec ip i ta te . As 
the product was soluble above 0°C, diethyloxalate (10 mmol, 1.35 
mL) was added at 10°C and the mixture was again cooled to 0°C, 
which afforded a yellow product (scheme IX). It was washed with 
ethanol and dried in vacuo. Yield 26%. 
•17 
Synthesis of l ,4 ,7 , l l - te traaza-2 ,3-dloxo-5 ,6 ,12 ,13-bis ( l ' -phenyl-2 ' -
3 • -dimethylpy razole) trlcleca-7, l l-dlene( L^,) 
It was also synthesized by the above method using 1,3-
diaminopropane (10 mmol, 0.85 mL) and 4-aminoantipyrine (20 mmol, 
4.06 g) and diethyloxalate (10 mmol, 1.35 mL). (Scheme X) Yield 24%. 
Synthesis of l ,4 ,8 , l l - tetraaza-2 ,3 ,9 ,10-bls( l ' -phenyl-2' ,3 ' -dl inethyl-
pyrazole)heptadeca-l, 4,8, ll-tetraene( L^ g) 
To the solution of 4-aminoantipyrine (20 mmol, 4.0(j g) 
dissolved in 100 mL of hot ethanol, acetylacetone (10 mmol, 1.03 
mL) was added and refluxed for half an hour in a round bottom 
flask. On cooling this mixture to room temperature a light orange 
precipitate (scheme XI) was obtained. It was dissolved in THK 
(100 mL) after washing with ethanol^ 1,6-diaminohexane (10 mmol, 
l.lfi g) woB thou nddod and tho mixtufo was ixjtUixt'd tor abai t 10 
h. It was cooled to 0°C and an excess of HCl was added to cause 
precipitation. The product was thoroughly washed with ether and 
dried in vacuo. Yield 25%. 
Synthesis of 1,4,8. l l -tetraaza-2,3,9,10-bis (1 ' -phenyl-2' - 3 ' -dimethy 1-
pyrazole) tetradeca-1,4,8, l l-tetraenet L^  ^) 
l b 
It was also synthesized by the above method using 1,3-
dlaminopropane (10 mmol, 0.85 mL) in place of l,G-diaminohoxano 
(Scheme XII). Yield 20%. 
!!3 
Synthesis of l ,5,8,12-tetraaza-2,4-diphenyl-3-carboxylic-4-acetic acid -
6,7,13,14-bis (1' -phenyI-2', 3' -dimethyIpyrazole) tetradeca-8,12-diene (L _) 
A mixture of 4-ainlnoantlpyrlne (20 mmol, 4.06 g) and 1,3-
diaminopropane (10 mmol, 0.85 mL) in 100 mL ethanol was refluxed 
for about 20 h in a round bottom flask. It was cooled to 0°C and 
acidified with an excess of HCl which afforded a brown product. 
It was redissolved by heating in the mother liquor and benzoylacetic 
(20 mmol, 3.2 g) in 100 mL ethanol was added to i t . It was further 
reflxixed for about 30 h and then cooled to 0°C. HCl was added 
dropwise to it which yielded a precipi tate (Scheme XIII). It was 
fil tered, washed thoroughly with ethanol and dried in vacuo. Yield 23?}). 
Synthesis of l ,5,8,l l-tetraaza-2,4-diphenyl-3-carboxylic-4-acetic ac id -
6,7,12,13-bis (1' -pheny 1-2', 3' -dimethy Ipy razole) trldeca-8, l l -d iene (L ) 
It was synthesized by the above method using ethylenediamine 
(10 mmol, 0.66 mL) in place of 1,3-diaminopropane (Scheme XIV). 
Yield 28%. 
Synthesis of 1,5,8,12-tetraazacyclotetradeca-2,4,9, l l - tetraphenyl-3,10-
dicarboxylxc-4,ll-diacetic acid-l ,8-dlene (L ) 
Ethylcnodiainino (20 iiiiiiol, 1.32 iiiL) was added la u suiulloii 
of benzoylacetic acid (40 mmol, 6.56 g) in methanol (100 mL) and 
refluxed for 10 h . The solution was cooled to O'^ C and then acidified 
33 
with HCl. On standing this mixture at 0°C for about 10 days a white 
product separated out {Scheme XV). It was washed with methanol 
and dried in vacuo. Yield 30%. 
Synthesis of l,5,9,13-tetraazacyclohexadeca-2,4,10,12-tetraphenyl-
3,l l-dicarboxylic-4,12-diacetic ac ld- l ,9-dien (LOQ^ 
It was synthesized by the method given for L.„ from 1,3-
diaminopropane (20 mmol, 1.7 mL) and benzoylacetic acid (40 mmol, 
6.56 g) in 100 mL methanol (Scheme X V ) . Yield 22%. 
Synthesis of [ l ,4 ,7 ,10-tetraaza-2,3-diaxo-5,6 ,U.12-bis( l ' -phenyl-2' 
3'-dimethylpyrazole)dodeca-7,10-diene] metal chloride [M(L „)Cln] 
Metal chloride (2 mmole) solution in ethanol (25 mL) was 
added dropwise to L. (2 mmol, 0.968 g) dissolved in a mixture of 
(50 mL) ethanol and a buffer of pH 4. It was refluxed upto 3 
h. A coloured precipitate which appeared during refluxing was 
fi l tered, washed with ethanol and dried in vacuo. 
The similar procedure was employed for the synthesis of 
macrocyclic complexes of all other Uganda. 
As the yield of the complexes synthesized by metathetical 
reaction was very small, template method was employed. 
100 
Template synthesis of macrocyclic complexes 
Synthesis of t l .4,7,10-tetraaza-2,3-dioxo-5.6,11.12-bis-{l '-phcaiyl-2' . 
3'-dimethylpyrazole)dodeca-7,10-diene] metal chloride [M(L^_)Cln 
Ethylenediamine (2 mmol, 0.13 mL) was added dropwise to 
an ethanolic solution (50 mL) of 4-aminoantipyrine (4 mmol, 0.18 g ) . 
After refluxing this mixture for about half an hour diethyloxalate 
(2 mmol, 0.27 mL) was added and further refluxed for 24 h . The 
mixture was cooled to 0°C and metal chloride (2 mmole) in ethanol 
(25 mL) was added which afforded br isk precipitation of coloured 
complexes. Yield 48%. 
A procedure similar to that described above was employed 
for the synthesis of other macrocyclic complexes. Yield 46-58%. 
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RESULTS AND DISCUSSION 
The colour, melting points and analytical data of all the 
free Schiff base macrocycles and their complexes are l isted in Table 8. 
All metal chelates are soluble in DMSO but copper(II) and 
nickel(II) complexes of L „ and L„^ are soluble in water also. Chelates 
-1 2 - 1 
of trivalent ions are 1:1 electrolytes (70.23-100.02 ohm cm mole ) 
and can be formulated as [MLCl^JCl. Those of divalent metal appear 
-1 2 -1 
to be non electrolyte (16.34-42.94 ohm cm mole ) in DMSO although 
their molar conductances in aqueous solution indicated them to be 
77 
1:2 electrolyte . 
I.R. spectra 
The important i . r . spectral data are given in Table 9. The 
i . r . spectra of free Schiff base macrocycles (L „ and L. ) display a 
—1 fin 
band centered at 3300 cm" due to i'(N-H) of amide group while the 
_1 
0=0 stretching frequency of the amide group appeared at 1600 cm which 
fii is in accord with the results reported by Hanson et al on [N-2-{4-
oxopent-2-ene-2-yl-amino) phenylpyridine-2-(carboxoamido]oxovanadium (IV), 
The free macrocycle i s known to exhibit •i'(C=N) at 1660 cm" which 
31 
undergoes a negative shift after chelation with the metal ion . In the 
_ i 
present work,-2? (C=N) and >>(C-N) have been observed in 1650-1660 cm 
- 1 
and 1380-1410 cm ranges respectively in the ligand (^II^-^-IA)- These 
bands show negative shift after metallation due to the reduction in 
electron density indicating the coordination of metal ion via tho 
nitrogen atom. 
109 
120-121 It has been observed by many workers that C=N 
-1 
stretching frequency appears in 1620-1660 cm region in 
Schiff base macrocyclic complexes. A comparison ol the i . r . spectra 
of the free macrocycles {L^„-L^) with those of their complexes 
indicated a substantial shift in •i)(C=N) and -jJCC-N) (Table 9 ) . The 
presence of "iJlNH) has been supported by the appearance of a peak 
- 1 1 ?!?-•' 9 ^ 
in (3080-323,0) cm •" region"^^ " " . It i s interesting to note that "P COOH 
-1 
consistently appears at 1430 cm in both the free and chelated 
macrocycles which implies that the pendant CH^COOH group i s not 
coordinated in any case although macrocycles having pendant donor 
groups that are capable of coordinating with the central metal ions 
109 
are known . Some 'Scorpiand' type molecules are also reported 
124 having H„N-CH„-CH„ ' t a i l ' to a tetraamine macrocycles . In the 
present work it is reflected from the i . r . spectra that the pendant 
CH2COOH group is not involved in coordination. 
The M-N stretching frequency is very important In tho lar 
i . r . spectra because i t gives direct information about the metal-
ligand bond. The 7^  (M-N) in iron(III) and chromium (III) complexes 
appear in (370-390 cm ) wave number region as compared with those 
_1 
of divalent metal ions (315-345 cm ) . It is due to the fact that 
iron(III) and chromium(III) have part ly filled t^ and part ly filled 
e orbitals while divalent metal ions have filled or par t ly filled 8 
ty orbitals and partly filled eg orbi ta ls . Due to the t„ orbi tals 
there is greater coupling of iron(III) and chromium(lll) with tho 
ligands which increase the electron density around them with a 
110 
consequent increase in 1)(M-N). The weaker intensity bands observed 
- 1 in the region 250-3U0 cm may be associated with metal chloride 
bond 
Electronic spectra and magnetic moment 
Electronic spectral bands and magnetic moments of the 
macrocyclic complexes are l isted in Table 10. 
The electronic spectral bands of L^g and L^^ in DMSO and 
water are different. The bands observed in DMSO indicate an 
"1 O K " I O C 
octahedral geometry ~ while those observed in aqueous solution 
127 
correspond to a square planar configuration . It i s quite l ikely 
that a change from octahedral to te trahedral geometry occurs although 
an equilibrium between the two structures may also exist in aqueous 
medium. 
[NiCl2 LJ ^ r ^ [NIL]"^^ + 201* 
Similar observations have been made for copper(II) 
complexes where a distortion leading to a change in geometry occurs 
frequently. In such a distroted structure, the four lone pairs of 
electrons on the nitrogen of macrocyclic ring are directed out of 
plane so that the metal s i t s on the top and not inside the cavi ty. 
It suggests that the size of cavity is too small to fit the metal ion. 
The macrocycle L „ has 12 membered ring, L . and L have 13 
momborod ring L.g, L and L.g are 14 memborod, while L ,^^  is 
I l l 
16 membered and L^g i s 17 membered. In the case of cobalt(II) 
complexes the magnetic moment value increases on .moving from (L. o to 
115 L„p). Nelson and coworkers have postulated that larger macrocycles 
have relat ively lower ligand field. For instance, in cobalt(II) 
complexes with larger macrocycles (L..O a"<^ ^OQ^ ^^^ ligand field 
energy is smaller so that the electron can jump from lower energy 
to higher energy level . Since the ligand field energy with smaller 
macrocycles (L ) increases the jumping of electrons becomes 
13 
difficult and the higher energy level contains one unpaired electron 
with a consequent decrease in magnetic moment. 
The electronic spectra and magnetic moment values indicate 
an octahedral geometry around manganese! I I ) , iron(IIl) and chromium(HI) 
. 128 ions 
Dq value is strongly dependant on the ring s ize . On the 
basis of Dq values the chromium (III) complexes may be arranged 
in the following descending order . 
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CHAPTER - V 
i:!8 
SYNTHESIS AND SPECTROSCOPIC STUDIIiS OF DITHIOCAKBAMATIi LIGANUS 
AND THEIR TRANSITION METAL COMPLEXES 
EXPERIMENTAL 
Materials 
Succinimide, phthalimide (E. MERCK), aminothiazole (Aldri-
ch) , ethylacetoacetate (S.D. Fine Chemicals), urea (SISCO Chem.), 
benzaldehyde and metal chlorides (BDH) were used as received. 
Synthesis of sodium succinimide dithiocarbamate (Loi^ 
To an ethanolic (lOU iriL) solution oi succiniiiiide (lUU iiuiiul, 
9.9 g), carbondisulphide (100 mmol, 6 mL) was added dropwise with 
continuous st irr ing at ambient temperature and the mixture was cooled 
to 0°C. After fifteen minutes of st irr ing sodium hydroxide (100 mmol, 
4 g) dissolved in minimum water (20 mL) was addod and s t i r red 
for 6 h until a precipitate (Scheme XVI ) appeared which was filtered 
and washed with, ethanol and dried in vacuo. Yield 40%. 
The phthalimide dithiocarbamate (1^92^' ^"Phenyl-5-ethoxycar-
bonyl-6-methyl-3,4-dih ydridopyrimidine-2-one-dithiocarbamate (L„ ) and 
phenyl-bis[2-aminothiazol-5-yl]methanedithiocarbamate (L^c) were syn-
thesized by the above method. 
n.i 
The 4-pheny 1-5-ethoxy carbonyl-6-methyl-3,4-dihy dridopy r i -
midine-2-one-bis-dithiocarbamte {^94) arid phenyl-bis[2-aininothiazole 
5-yl]methanebis-dithiocarbaiiiate (L^g) were synthesized by the above 
method by using amine or thiazole der ivat ive, CS^ and NaOH in 1:2:2 
molar ratio. 
Synthesis of complexes 
MC1„ or MC1„ in 1:2 or 1:3 M:L ratio in ethanol was added 
to a hot ethanolic solution of sodium dithlocarbamate. The mixture 
was st irred for half an hour which afforded a precipi tate on cooling 
to room temperature. It was fi l tered, washed with ethanol and dried 
in vacuo. The reactions may be represented by the following 
equations. 
2(R-CS2) Na + MCI2 ^ (R-CS2)2 M + 2NaCl 
3(R-CS2) Na + MClg > (R-CS2)3 M + 3NaCl 
R = Succinlmide or phthalimide or 4-phenyl-5-ethoxycarbo-
nyl-3,4-dihydridopyrimidine-2-one-dithiocarbamate or 
phonyl-bls[2-ominothiD7,ol-5-yl]iiiolhaiio diUiJucurbmiidlo. 
For L- . the equation is 
iJR(CS2)2Na2l + 2MCI2 =? 2 [ R {CS2)2]M2 + 4NaCl 
M = Mn""^ , Co""^, Ni""^. Cu""^. Zn""^  
140 
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RESULTS AND DISCUSSION 
The colour, melting points, molar conductances and analytical 
data of all the compounds are listed in Table 11. Elemental analyses 
correspond to the composition M(dtc) , n = 2 when M = Mn"^  ,00"^ ,Ni'^ ,Cu* 
and Zn , and n = 3, M = Fe"^  and Cr^ and dtc = L„., L , L„„ and 
4 5 ' M2(dtc)2, dtc = L24and L^^, Mn*^, Co""^, Ni""^. Cu"" ,^ and Zn"" .^ 
-1 2 -1 
The low molar conductance (10-39 ohm cm mole ) in DMSO shows 
72 
non electrolytic behaviour of a l l the metal dithiocarbamates. 
The metal dithiocarbamate can be synthesized by two 
methods -
a. By insertion of CS^ group in the presence of amide or amine 
and the metal chloride (MCI or MC1„). 
2RNH + 2CS2 + MCI2 ^ (R-NCS2)2 ^ * 2HC1 
b . By replacement reaction using the sodium salt of the 
dithiocarbamate. 
2(R-NCS2) Na + MCI2 > (R-NCS2)2 ^ * "^ ^^ "^^  
In the present work, the metal dithiocarbamates have been 
synthesized by the second method. Succinimide dithiocarbamate ( L^^) and 
phthalimide dithiocarbamate (L^n) have been synthesized from succini-
mide or phthalimide, CS^ and NaOH (1:1:1 r a t io ) . 4-phenyl-5-ethoxy-
carbonyl-6-methyl-3,4-dihydridopyrimidine-2-one-dithiocarbamate ( i-oo) 
and phenyl-bis[2-aminothiazol-5-yl-]methanedithiocarbamate(L ) were 
X '1' •-' 
prepared by treating amine or thiazole der ivat ive with CS^ and NaOH 
in equimolar ratio while for 4-phenyl-5-ethoxycarbonyl-6-methyl-3,4-
dihydridopyrimidine-2-one-bis-dithiocarbamate (L^.) and phenyl-b is [2-
aininothiazol-5-yl]methane-bis-dithiocarbamate (L p) 1:2:2 molar ra t io 
was maintained. The divalent and trivalent metal complexes of al l 
the ligands (except tr ivalent metal complexes of L„- and L „) have been 
synthesized. 
Infrared spectra 
Infrared spectra of the ligands and their complexes are 
given in Table 12. A dithiocarbamate moiety may be e i ther 
symmetrically or unsymmetrically bound to a metal ion. Brinkhoff 
129 
and Grotens have distinguished between a symmetrical and an 
unsymmetrical dithiocarbamate on the basis of C-S stretching 
frequency. The presence of two absorption bands in 1U5U-950 cm region 
is characterist ic of unsymmetrically bound dithiocarbomato while the 
presence of only one band in the same region reflects symmetrical 
coordination of a dithiocarbamate moiety. This cri terion has also 
130 been followed by Bradley et a l . 
Since all the dithiocarbamates in the present case show 
a single C-S absorption band in the above range it i s cloar that 
they are symmetrically bound with the metal ions. 
The C-N stretching frequency is also diagnostic of the 
chelation of dithiocarhamate groups. Thei?C=N andi?C-N are known to 
-1 -1 
absorb in 1C90-164U cm ' and 135U-12(JU cm , rogiono, rutipucLlvoly 
but when the dithiocarbamate group is found to a metal, a shift in 
j>C=N occurs causing a reduction in C=N double bond order.i^The C-N 
in the preesent case (1410-1490 cm" ) is in between C-N single and 
131-133 C=N double bond indicating a part ia l double bond character . In 
L^c the C-S stretching frequency inherently present in the parent 
compound does not undergo any change when i ts dithiocarbamate is 
formed. 
Metal sulphur stretching vibrations have been observed in 
the region 435-267 cm for xanthates and dithiocarbamates. Sonbatl 
-1 has shown that M-S stretching frequency appears in 425-510 cm region. 
In the present work the absence of any other band and the presence 
of nev; absorption bands observed in 365-459 cm region are indicative 
of M-S stretching frequencies. 
14 7 
Electronic spectra and magnetic moment 
Chromium (III) complexes exhibit three bands which are 
assigned as ^T2g(F) <; ^A^^, ^"^Ig^^^ ^ % g ^ ^ ^ ^"^ 
4 4 
l\ (P) <: A„ (F) transitions, respect ively . The magnetic 
J-8 ^8 
moments are quite close to the theoretical value for an octahedral 
geometry for this metal ion '. 
In addition to a charge transfer band, two more bands 
have been observed in manganese{II3 complexes. The magnetic moment 
values are slightly different from those calculated but within the 
range for a high spin manganese(II) ion with tetrahedral geometry. 
The three bands in iron (III) complexes have ueen assigned 
to \ g ( D ) 4: % g , \ g ( G ) <: % g and ^T^^CG) < ^ % g 
137 transitions7 respect ively. It has been shown i that t r i s bldentate 
chelate of iron(III) can have magnetic moments intermediate between 
low spin and high spin particularly in dithiocarbamate complexes. 
These variations in magnetic moments occur due to different 
13'^ 
contributions from the resonance structures of tlie dithiocarbamates ' . 
The largo nogatlvo charge on the sulphur atoiii croalcs n strong Hold 
139 in low spin complexes decreasing the magnetic moment value 
However, in t r i s (phthalimidedithiocarbamate) iron(III) complex the 
high magnetic moment indicates that the predominant electronic structure 
is one in which negative charge is delocalized on both sulphur atoms 
(Form I ) . These studies are indicative of an octahedral gooinolry 
around iron(l l l ) ion. 
N C !• 
M3 
^ 0 " ^ S 
The low energy band in cobalt(II) dithiocarbamates of L^^ 
4 4 
and L„. is assigned as T. (P) < ^2^^^ transition. The magne-
tic moment value is not much different from the theoretical one for 
three unpaired electrons (3.88 B.M.). However, the deep blue colour 
of the compound and spectral bands support a te t rahedral geometry. 
The room temperature magnetic moment for cobalt( l l) dithiocarbamate 
of L_. and L„o is quite low which may be ascribed to increasing 
141 
crystalfield strength . Furthermore, it is considered that ligand 
field strength decreases with increasing temperature and as a r e su l t . 
high spin electronic configuration contributes to ground state and 
142 
cobalt(II) complex shows decrease in magnetic moment value . The 
low value of magnollc nioiiiont and prosonco of any olh(3r band sug^^ofit 
the formation of low spin square planar cobQlt(II) complox. 
Electronic spectra of nickel(II) complexes exhibi t two bands 
assigned as B. <r 
-1 
transitions 
respect ively. A band at 19000 cm in all nickel( l l ) dithiocarbamates 
is characterist ic of a square planar geometry for the metal ion 
Nickel(II) complexes with this geometry are generally dia magnetic 
but the values indicate paramagnetism which is produced by weak 
square planar crystal f ie ld . 
M9 Jt 'V 
Since the electronic spectra of both tlio telrahodrai and 
square planar copper(II) ions are nearly identical, it is difficult 
to assign i t s geometry. The magnetic moment value is slightly higher 
than calculated for one electron. However, the electronic spectra are 
suggestive of a square planar geometry for copper(II) ion 
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CONSTRUCTION OF NEW VERSATILE TRIAZINE LIGANDS AND THEIR 
CHEMICAL BEHAVIOUR TOWARDS TRANSITION METAL IONS 
EXPERIMENTAL 
Materials 
Aminoantipyrine, iodoacetamide, semicarbazide, valeramide 
(Koch Light) and metal chlorides(BDH) were used as received. 
Typical synthesis of the ligands 
Synthesis of l-phenyI-2,3-dimethyl-5-amino-[4,5,b]pyrazolotrlazine 
A mixture of aminoantipyrine (20 mmol, 4.06 g) and 
semicarbazide (20 mmol, 2.23 g) in 20 mL of ethanol was refluxed 
for 1 h . The mixture was cooled to 0°C and acidified with HCl which 
afforded a yellow (SchemeXIX ) precipi ta te . It was recrystal l ized 
from a mixture of ethanol and corbontotrDChlorido after standing at 
0°C for two days . Yield 50%. 
The 5-amino-3-butyltriazine {L„o) and 5-amino-2-iodomethy-
lenetriazine (Lnq) were also synthesized by the methoa given for 
L27. Yield 52%. 
139 
Synthesis of metal chelates of L2y 
A mixture of metal chloride (2 mmol) and L^ (4 mmol, 0.96g) 
dissolved in ethanol carbontetrachloride mixture was refluxed for 
two hour. Precipitation occurred during refluxing which was cooled 
to room temperature, washed with ethanol and dried in vacuo. The 
other metal chelates were also synthesized by the above method. 
NH-
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RESULTS AND DISCUSSION 
Colour, melting point, molar conductance and analytical data 
of all the ligands and the complexes are l isted in Table 14. 
_3 
The molar conductances of 10 solutions in UMSO of oil 
-1 
the complexes of divalent metal ioins with L ,^-, to L^g (15-42 ohm 
2 -1 
cm mole ) indicated then to be non-electrolyte, while those of 
72 trivalent metal ion are 1:1 electrolyte . 
In the present work, the new chelating triazine ligands, 
l-phenyl-2,3-dimethy 1-5-amino- [ 4- , 5, b] py razolotriazine( LOT )» 5-amino-
3-butyltriazine(L„o) and 5-amino-2-iodomethylenetriazine(L2-) have 
been synthesized by condensation of an aminoantipyrine and semicarba-
zide or valeramide or iodoacetamide. When aminoantipyrine 
undergoes condensation reaction with semicarbazlde or valeramide or 
iodoacetamide in equimolar rat io the new chelating ligands (L„„) to 
(L-q) are formed by the elimination of two water molecules (Scheme 
XIX-XXII). 
Infrared spectra 
The important i . r . frequencies of all the ligands and their 
complexes with their assignments are given in Table 15. 
144 Ferrari et a l . have synthesized the complexes with 
cyclopentanone thiosemicarbazones. They showed that in semicarba-
zones the bands observed at 3390, 3220, 3180 and 3140~'^  are assigned 
the N-H stretching in NH and NH^ groups. In present case, the bands 
174 
-1 -1 
observed at 3260 cm , 3170 cm and 3120 cm 1 are assigned to 
VNH of secondary and primary amines, respect ively . On chelation, 
these bands are shifted towards lower region due to decrease of the 
nitrogen electron density upon coordination . Moroovor, tills nogalivo 
shift is observed in SNH- indicating bond formation between metal 
and nitrogen 
In the free ligand (Lo?^ *^^ >'C-N observed as a single band 
-1 
at 1420 cm ' while in the complexes the bands appear near 1370 and 
_i 
1350 cm indicating the presence of coordinated and uncoordinated 
C-N groups. The C=N stretching frequency did not show significant 
change upon complexation which is suggestive of the non involvement 
of this groups in coordination. Similar observations have been found 
in the complexes of al l otlier ligonds. 
Metal ion coordination through the nitrogen atom was 
confirmed by the appearance of well dist inct absorption bands at 
360-395 cm" . On the other hand, "))M-C1 have appeared in (270-295 
cm ) range 
175 
Blectronic spectra and magnetic moment 
For chromiumdll) ion three spin allowed transitions are 
expected from A, ground state to three excited quartet s ta te . In 
4 
the present case, three bands have observed assigned to T^g^^^<s 
^A2 (F), \ g ( F ) , ^ ; % g ( f ^ and ^T2g{F),^__-^A2g(F) transitions?^ The 
observed magnetic moment values are sl ightly lower (3.69-3.81 BM) 
than the calculated value {3.88 B.M.) for three unpaired electrons. 
However, these studies are indicative of octahedral geometry for 
chromium{III) ion. 
In electronic spectra of manganese(II) complexes three strong 
4 6 4 6 
bands are observed assigned to '^lo^''^^^—" ' ^ IQ ' •^"2e^^^<: ''^1^ 
4 fi . , 
and T (G) A. transit ions. The magnetic moment values are 
Ig •<: Ig 92 
well within the range for octahedral manganese(II) ions. 
Three spin allowed transitions have been observed In 
iron(III) complexes. The magnetic moment value correspond to 
89 
octahedral geometry around the metal ion . 
In cobalt(II) complexes of all the ligands the lowest energy 
transition has not been observed whilst the other two transitions 
assigned to \ g ( P ) < ^^^g^^^ ^ ^ ^T2g(FJ < \ g ( f " ) have the 
normal intensities of octahedral spin allowed transit ions. Tho 
magnetic moment values and pink colour of the complexes correspond 
to octahedral geometry around cobalt(II) ion. 
Regular octahedral complexes of nickel(II) are always 
paramagnetic. In the present case of all nickel(II) complexes the 
observed magnetic moment values (3.00-3.25 B.M.) suggest that 
175 
145 
nickel(II) ions present in octahedral environment . The electronic 
spectral bands support the above geometry. 
The copper(II} complexes display one band near 12000 cm 
2 2 
assigned to T^ <^  E transit ions. Two charge transfer b^nd 
have also been appeared. The observed magnetic moment 1.89-1.92 
B.M. and electronic spectral bands suggest an octahedral geometry 
around copper(II) ion. 
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Physical measui*ements 
Elemental analyses were made with a Thomas and Coleman analyser, 
_ i Carlo Erba 1106. The l . r . spectra (4000-20U cm ) were recorded 
on a Perkln-Elmer grating spectrophotometer model 621. The 
electronic spectra were measured on a Carl Zeiss VSU-2P spectropho-
tometer. Magnetic susceptibil i ty measurements were done with a 
vibrating sample magnetometer model 155 at room temperature. NMR 
spectra were recorded on varian A-fiQD spectrophotometer. The molar 
conductances of the complexes measured at room temperature using 
a systronics 321 conductivity bridge. Metals were estimated by 
146 
complexometric t i tration using EDTA . Chlorine was estimated 
147 gravimetrically 
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